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(i). The present volume completes the series proposed to be 
{:iiblished by the Joint Committee of the Institute of Actuaries and 
the Faculty of Actuaries in Scotland on Mortality Investigation. It 
contains a series of detailed accounts of the technical processes and 
methods adopted by the Committee, and in this Introduction the 
opportunity has been taken of making a statement as to the general 
conduct of the investigation. 

(2). The investigation was commenced in the year 1893, and has 
since 1897, been conducted by Committees of the Institute and 
Faculty, respectively designated the "London Section" and the 
" Scottish Section." Meetings of these Sections were held separately 
in London and Edinburgh for preliminary discussion ; and combined 
meetings of the two Sections were held in London to discuss and 
decide the matters of principle which arose from time to time in the 
progress of the work. 

(3). The Joint Committee was constituted as follows : — • 

CHAIRMAN OF COMMITTEE. 

Ralph Price Hardy. 

LONDON SECTION. 



♦Thomas Gans Ackland. 

Arthur Francis Burridge. 

Henry Cockburn. 
t Alexander John Finlaison, C.B. 

George Francis Hardy. 

Ralph Price Hardy. 

Charles Daniel Higham. 
♦William Hughes, 



George King. 
♦George James Lidstone. 
Henry William Manly. 
Gerald Hemmington Ryan. 
Frederick Schooling. 
William Joseph H. Whittall. 
Frank Bertrand Wyatt. 
Thomas Emley Young, B.A. 



SCOTTISH SECTION, 

David Deuchar. James Meikle. 

♦Gordon Douglas. ThomasBondSprague,M.A.,LL.D. 

*NiEL Ballingal Gunn. Spencer Campbell Thomson, B.A. 

George Macritchie Low. Andrew Hugh Turnbull. 

Gordon Douglas, 

Hon, Secretary of Scottish Section, 

A, F. Burridge, ( f^- Se^etaries of 

__ r^ \ London Section^ and 

Thomas G. Ackland, ( of Joint Committee. 

* Elected in the coarse of the investigation, 
t Died 
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IV 

(4). The following Joint Letter was sent out in December, 1893, 
to all those Companies whose experience, in respect of Assured Lives 
or Annuitants, it was thought desirable to include : — 

Institute of Actuaries, 

Staple Inn Hall, Holborn, 

London, W.C. 

Faculty of Actuaries in Scotland, 

24, York Place, Edinburgh. 

Dear Sir, 

NEW MORTALITY EXPERIENCE. 

It has been resolved to attempt the compilation of a new collective 
Mortality Experience of Assured Lives, and separately of Annuity Nominees, 
in the United Kingdom. The most recent Tables of the kind as regards 
Assured lives were formed upon observations which terminated thirty years 
ago, while the Annuity tables comprise only the Government Experience. 
Changes have taken place in the condition of the population, which render it 
by no means improbable that the rate of Mortality is not now the same 
as formerly. The Institute of Actuaries' Tables, valuable as they have proved, 
were based on an experience which, compared with the amount of material 
now accumulated in the records of the Offices, must be considered very 
limited. Moreover, the Institute of Actuaries* Tables included the experience 
of Companies over a long period of time, dating from the early years of the 
present century, and it is therefore thought to be of great importance that 
new tables should be compiled relating to the experience of the present 
generation. It is also generally felt that a table might now be constructed 
which would more satisfactorily exhibit the characteristics of mortality among 
assured lives, as influenced by initial selection and the subsequent duration 
of the policies. 

The Council of the Institute of Actuaries and the Council of the 
Faculty of Actuaries will co-operate in this work. 

It is earnestly desired that as many Companies as possible shall contribute 
their experience. At a later stage we shall have to communicate with you as 
to the means of defraying the expense of an undertaking so important to all 
Assurance Companies ; but, independently of that question, our object at 
present is to secure material for the investigation. We shall esteem it a 
favour, therefore, if you will kindly submit the question to your Directors, and 
ascertain whether your Company will join in the investigation. It is proposed 
to obtain the experience for the period from 1863 to 1893 (including, of course, 
lives on the books in 1863, and new entrants since that date), and to confine 
it to lives accepted at the ordinary rate of premium. No doubt, when the 
materials have been received from the Companies, it will be found possible to 
carry out various subsidiary investigations. 



The particulars which it will be very desirable to obtain regarding each 
Assured Life — and each Annuitant as far as applicable — are as follows : — 



I. 


No. of Policy. 


2. 


Sum Assured. 


3- 


Description, of Policy. 


4. 


Profit or Non-profit. 


5- 


Name of Life. 


6. 


Occupation. 


7. 


Date of Birth. 


8. 


Date of Entry. 


9- 


Date of Exit. 


10. 


Mode of Exit. 



Be good enough to say whether, in the event of your Company contributing 
its experience, these particulars can be supplied, or, if not, what is the nearest 
approach that can be given to them. 

When it has been ascertained which Companies will contribute, a letter of 
detailed explanations will be issued, together with the forms of card which 
will be used. 

We remain, 

Yours faithfully, 

AUGUSTUS HENDRIKS, 

President of the Institute of Actuaries* 

JAMES MEIKLE, 

President of the Faculty of Actuaries, 

(5.) In reply to this letter, 66 Companies expressed their 
willingness to contribute to the experience. In the list on pages 
vi and vii are given the names and dates of establishment of each 
contributing Company, the nature of the data furnished being 
indicated by an asterisk in the appropriate column. It will be seen 
that 60 Offices contributed to the experience of assured lives, and 
43 to the experience of annuitants. 

(6). Instructions were issued to the Offices, in May and August 
1894, as to the plan upon which it was desired that the data as to 
Assured Lives and Annuitants should be taken out and supplied. 
Copies of these instructions are given for Annuitants on pages 22 to 
24, and for Assured Lives on pages 81 to 85 of the present volume. 
Some questions having subsequently arisen as to the interpretation 
of these instructions, a supplementary statement was issued to the 
Offices in April, 1895, dealing with these points of enquiry. A copy 
of this supplementary statement is given on page 86 of the present 
volume. 



VI 



Companies contributing through tlie Institute of Actuaries. 



Name of Company. 


Estd. 


Assurances. 


Annuities. 


Alliance 


1824 


« 




^tias ... ... ... ... ... 


1808 


* 




British Empire Mutual 


1847 


* 


* 


Clergy Mutual 


1829 


♦ 




Clerical, Medical and General 


1824 


* 


^_ 


Commercial Union 


1861 


« 


* 


Eagle 


1807 


♦ 




Economic 


1823 


♦ 




English and Scottish Law t 


1839 


♦ 


♦ 


Equitable 


1762 


♦ 




Equity and Taw 


1844 


« 


♦ 


Friends' Provident 


1832 


♦ 


* 


General 


1837 


^ 


•» 


Gresham 


1848 


* 


♦ 


Guardian 


1 8 21 


* 


♦ 


Hand-in-Hand 


1606 


♦ 


♦ 


Imperial and ) 

England / 


1820 


♦ 


« 


1840 


* 


♦ 


Lancashire 


1852 


♦ 




Law Life 


1823 


* 


— 


Law Union and Crown 


1825 


♦ 


♦ 


Legal and General 


1836 


* 


* 


Liverpool and London and Globe 


1836 


« 


* 


London and Lancashire 


1862 


♦ • 


— 


London Assurance 


1720 


* 


* 


London Life Association 


1806 


* 




Metropolitan 


1835 


♦ 




Mutual 


1834 


* 




National 


1830 


* 


* 


National of Ireland 


1822 


■ — 


* 


National Provident 


1835 


* 


♦ 


North British and Mercantile t 


1823 


* 


* 


Norwich Union 


1808 


* 


« 


Patriotic 


1824 


* 


— 


Pelican 


1797 


* 


— 


Provident 


1806 


* 




Provident Clerks' 


1840 


•It 


♦ 


Prudential ... 


1848 




♦ 


^^WX^Ab ••• ••• ••• ••• ••• 


1806 


* 


— 


Royal 


1845 


* 


* 


Royal Exchange 


1720 


* 


♦ 


OLiil ••• ••• ••• ••• ••• ••• 


1810 


* 


— 


Union 


1714 


* 




United Kent 


1824 


♦ 


* 


United Kingdom Temperance and General 


1840 




Hf 


Universal ... 


1834 


* 





University ... ... ... ... ... 


1825 


* 




Westminster and General 


1836 


* 


♦ 


Yorkshire 


1823 


♦ 


* 



t These Companies contributed their English and Scottish business respectively through 

the Institute and the Faculty. 



Vll 



The following American Offices contributed their British Annuity 

Experience only: — 



Name of Company. 


Estd. 


Assurances. 


Annuities. 


Equitable of the United States 

New York Life 

Mutual of New York 


i8S9 
1845 
1843 




* 
* 



Companies Contributing through the Faculty of Acttmries. 



Name of Company. 



Caledonian ... 
City of Glasgow 

Edinburgh 

English and Scottish Law t 

Life Association of Scotland 

North British and Mercantile t 

Northern 

Scottish 

Scottish 

Scottish 

Scottish 

Scottish 

Scottish 

Scottish 

Scottish 



Estd. 



Amicable ... 
Equitable ... 
Imperial ... 

JL/1I6 • • . ... 

Metropolitan 
Provident ... 
Union and National 
Widows* Fund ... 



Standard 



1805 


♦ 


1838 


♦ 


1823 


♦ 


1839 


* 


1838 


« 


1823 


* 


1836 


♦ 


1826 


* 


I83I 


♦ 


1865 


♦ 


I88I 


♦ 


1876 


* 


1837 


* 


1824 


♦ 


I8I5 


* 


1825 


* 



Assurances. 



Annuities. 



* 



* 



t These Companies contributed their English and Scottish business respectively through 

the Institute and the Faculty. 

(7). The cards required for the record of the data in respect of 
individual policies were furnished to the contributing Offices in 
December, 1894, and January, 1895. In the case of each English 
Office, a special number, and in the case of each Scottish Office, 
a distinctive letter, was printed at the foot of the cards, so that each 
Company was represented, so far as the general body of workers was 
concerned, by a symbol only. Specimens of the cards employed for 
the Annuitants are given in the present volume on page 34, and for 
Assured Lives on pages 56, 57. 

(8). The completed cards relating to the Annuitant Experience 
were received from the contributing English and Scottish Offices 
towards the end of the year 1896, and those relating to Assured Lives 
were all sent in by March, 1897. 

(9). The task of compilation and arrangement of the data was 
one of great magnitude and delicacy. By the courtesy of the 
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Institute of Actuaries, the Hall and Class Rooms of Staple Inn were 
placed at the disposal of the Committee, and a staff of clerks, varying 
in number from six to thirty-five, was employed daily, from July, 
1896, to August, 1900, in arranging and tabulating the cards on 
which the data were supplied. This staff was under the honorary 
supervision of Mr. THOMAS G. ACKLAND, F.I.A., and it is due to 
his unwearied attention to details, and his unfailing skill in statistical 
processes, that the work has been brought to a successful issue. 

(10). The elimination of duplicates, and the settlement of the 
nunierous inevitable queries, being disposed of, the work of tabulation 
was finally completed in August, 1900, and the volumes showing the 
unadjusted data were published in the following order: — 

(i). Life Annuitants — Male and Female. (January, 1899). 

(2). Endowment Assurances, and Minor Classes of 
Assurance — Male and Female. The Minor Classes 
comprise Whole Life Assurances with limited pay- 
ments, and with ascending premiums ; Joint Life 
Assurances ; Contingent Survivorship Assurances ; and 
Temporary Assurances. (January, 1900). 

(3). Whole Life Assurances — Male Lives — Participating 
and Non-Participating. (July, 1900). 

(4). W^hole Life Assurances — Female Lives — Participating 
and Non-Participating. (November, 1900). 

A general summary of the data included in the whole experience 
comprised in these four volumes is given on page xii. 

(11). The principles and methods followed in the compilation of 
the data in the different sections of the experience are set out in 
detail on pages i to 120 of the present volume, by Mr. T. G. ACKLAND, 
the Hon. Supervisor of the work. 

(12). The Committee consider themselves singularly fortunate 
in having been able to place the work of graduation in the hands of 
Mr. G. F. Hardy, F.I.A. Readers of this volume, and those who 
make use of the Tables, will need no reminder of the pre-eminent 
position which Mr. Hardy occupies in connection with the subject of 
graduation, but the Committee desire here to place on record their 
high appreciation of the manner in which he has placed his unrivalled 
skill and knowledge at their disposal. An account of the principles 
and methods adopted is given by him on pages 121 to 166 of the 
present volume. 



IX 

(i3). The computation of the elementary mortality values for 
Life Annuitants, and the mortality and monetary tables for Assured 
Lives, was undertaken by Mr. H. J. Baker, F.L A., with the assistance 
of a competent London Staff. The monetary tables in respect of 
Life Annuitants for single and joint lives were computed in Edinburgh 
under the honorary supervision of Mr. JAMES Chatham, F.LA., 
F.F. A. Accounts of the methods followed in the calculations (so far 
as these are not upon lines generally followed) have been prepared 
by Mr. Baker and Mr. Chatham, and will be found on pages 167 
to 176, and pages 177 to 185 of the present volume respectively. 

(14.) The three volumes setting forth the graduated tables and 
the monetary values were published at the dates specified : — 

British Offices Life Annuity Tables : — 

( 1 ) Select Tables, Male Lives— O^^*"!—, Female Lives— O^^/i—. 

(December, 1902). 

British Offices Life Tables : — 
Whole Life Participating Assurances — Males. 

(2) Aggregate Tables — O^ — , and Aggregate Tables 

excluding the first 5 years — O^^ — .(May, 1902). 

(3) Select Tables— O™— .(June, .1903). 

(15.) The Committee recognise that the tables included in these 
published volumes represent a portion only of those which might 
usefully be computed to meet fully the practical needs of the 
profession. It is hoped, however, that the Tables published under 
their authority will be found to furnish an important contribution 
towards those needs ; and that they may, from time to time, be 
supplemented by the skilled labours of individual members (and 
especially of the younger members) of the profession. 

(16.) It was felt that, for the convenience of the profession, 
and generally of those who employ, or have occasion to cite the 
published Tables, it was desirable to adopt an authoritative set of 
official designations and symbols applicable to the new Experience, 
which is printed on page xi. 

(17.) It is hardly necessary to say that a work of this magnitude, 
requiring, for a great part of the time, the employment of a 
numerous staff, involved a very considerable outlay. The Committee 
thankfully recognise the liberal response which has been made 
by the Life Assurance Companies to their appeal for the necessary 
funds. 



(i8.) Upon the constitution of the Joint Committee in 
1897, Mr. F. B. Wyatt, and, on his resignation in July, 1898, 
Mr. Thomas G. Ackland, were associated with Mr. A. F. BURRIDGE 
as Joint Honorary Secretaries of the Committee, and of the London 
Section ; whilst Mr. GORDON DOUGLAS has rendered valuable 
service as Honorary Secretary of the Scottish Section. The Joint 
Committee most gratefully acknowledge the zealous co-operation of 
these gentlemen ; and also desire to acknowledge the assistance they 
have received, not only from those whose services have already been 
specifically recognised, but from every member of the staff, and from 
many others, not formally engaged on the investigation, who have 
from time to time contributed useful information and suggestions. 

(19.) And they finally close this undertaking with the expression 
of the hope that, though the primary intention of the investigation 
was for the benefit of Life Assurance Companies and kindred 
institutions, it may also be found useful in assisting the researches 
of students of Economics in the many problems where vital statistics 
are concerned, and may thus contribute towards the general benefit 
of mankind. 

WM. HUGHES, 
President of the Institute of Actuaries* 

NIEL B. GUNN. 

President of the Faculty of Actuaries in Scotland. 

October^ igoj. 
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JOINT MORTALITY INVESTIGATION. 



OFFICIAL DESIGNATIONS AND SYMBOLS. 

( Adopted by Joint Committee^ June, '903*) 



THE BRITISH OFFICES LIFE TABLES, 1893. 

■ 

Full Aggregate Table— Males: — 

Whole-Life Participating Assurances Q^ 

Whole- Life Non-Participating Assurances . . . Q^^ 

Endowment Assurances 0^^ 

Assurances with Limited Payments Q^^ 

Assurances with Increasing Scale of Premiums Q^^ 

Temporary Assurances 0*^^ 

Contingent Assurances 0^^ 

Joint Assurances Q''^^ 



"Truncated" Aggregate Tables— Males :— 

Whole-Life Participating Assurances 

(excluding the first five years of Assurance) 

&c., &c., &c., &c. &c. 

Select Tables— Males : — 



|qm(6) 



Whole- Life Participating Assurances 0^^^ 

&c., &c., &c. &c. 



THE BRITISH OFFICES LIFE ANNUITY TABLES, 1893. 

Male Annuitants* Tables (Aggregate) Q^^ 

Male Annuitants' Tables (Select) f^\fl»^'\ 



FEMALE LIVES. 
F instead of M, and /instead of m throughout. 
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SUBJECT MATTER. 



I. Notes on the Principles and Methods adopted 
for classifying and tabulating the data for 
Annuitants and Assured Lives. By Thomas 
G. AcKLAND, F.I.A., Honorary Official 
Supervisor ... 

I. As to Preliminary Classifications 

n. As to the Methods adopted for deter- 
mining the tabular Ages at Entry ... 

III. As to the Methods followed in determining 

and recording the Tabular Durations ... 

IV. As to the Principles and Methods adopted 

in the Treatment of Duplicates 

V. As to the Methods adopted for tabulation 
of the Data 

VI. {Assured Lives) As to the Formulse and 
Methods adopted in deducing the 
Numbers Exposed to Risk 

VI. {Annuitants) Comparison of Mortality 
Functions and Annuity Values with 
those deduced from other Annuity 
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VII. {Assured Lives) As to the Methods 
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Whole-Life Participating 
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NOTE 



A8 TO THE ACCOUNT OF THE PRINCIPLES AND METHODS 



ADOPTED IN THE 



COMPILATION OF THE DATA. 



In the preparation of the following text, with the illustrative Tables 
and Appendices, setting forth the methods followed in the Compilation 
and Tabulation of the data for Annuitants and for Assured Lives, and 
in the careful examination of the proof sheets, I have received much 
valued assistance from Mr. H. P. Calderon, F.I. A,, and Mr. G. Green, 
B.A. (Cantab.), A.I.A., who were engaged in the practical conduct of 
the Mortality Investigation from 1896 and 1897 respectively, until its 
completion in 1900, and who were, in July 1898, appointed by the 
Committee as Joint Assistant Supen^isors of the work. 

THOMAS G. ACKLAND, 

Hon, Official Supervisor. 



NOTES A8 TO THE 
PRINCIPLES AND METHODS ADOPTED 

FOR 

CLASSIFYING AND TABULATING THE DATA 



ANNUITANT EXPERIENCE. 



BY 



THOMAS G. ACKLAND, F.I.A., 

Hon, Official Supervisor, 



^ 



ANNUITANT EXPERIENCE. 



NOTES AS TO THE PRINCIPLES AND METHODS 
ADOPTED FOR CLASSIFYING AND TABULATING 

THE DATA. 

I. AS TO PRELIMINARY CLASSIFICATIONS. 

( I ). The cards comprising the data for the Annuitant Experience 
entered up and supplied by the contributing Companies in accordance 
with the Instructions issued by the Committee (see pp. 22-24), 
were in the first instance examined to see, from the date of entry, 
whether they appeared to include, within the limits laid down by 
those Instructions, the whole experience of each contributing 
Company. The cards were next sorted according to colour — buff, 
Male Annuitants; blue, Female Annuitants; after which the cards 
of the several companies were combined. The total number of cards 
was (approximately) 9,700 for Male, and 24,300 for Female lives. 
Specimens of the form of card employed (reduced in size) are given 
in Appendix VH, p. 34. 

II. AS TO THE METHOD ADOPTED FOR DETERMINING THE 

AGES AT PURCHASE. 

(2). An investigation was then made as to the interval 
subsisting, in the case of each annuity, between the date of purchase 
and the preceding birthday. Appendix I gives the results, 
separately stated for male and female lives. It will be seen that the 
average interval is approximately 4*1 months in the case of Male 
Annuitants, and 4*3 months in the case of Female Annuitants. These 
results are in close agreement with those given by Mr. A. J. Finlaison, 
in his Report of loth February, 1883, upon the Experience of 
Government Annuitants up to 1875. The proportionate numbers 
tabulated in Appendix I were most useful as a basis for supplementing 
defective data in respect of the day and month of birth or of entry. 

(3). The Age at Purchase was, for purposes of tabulation, taken 
throughout as that attained upon the birthday nearest to the date of 
purchase, as determined by a comparison of the dates recorded upon 
the cards. The age thus deduced was that termed by Dr. Sprague 
{JJ.A. XXXI, 208) the "Commencing Age." It was found that 
the most practical way of arriving at the tabular age at purchase 
was first to modify the year of birth (by addition or deduction 
of I where necessary), so that the difference between the year of 
purchase and the modified year of birth would give in all cases the 



^^ 



nearest age at purchase. The modification of the year of birth 
was given effect to by marking the recorded year + or — in certain 
cases, determined by the rules set out in Appendix II. 

(4). In cases where the dates of birth or of purchase were 
not fully recorded, the assumption was made that the average 
distribution of the interval between the dates of purchase and of 
previous birthday agreed substantially with that observed amongst 
the general body of lives, as set out in Appendix I. From the 
Table there given, it will be seen that amongst the Female Lives, 
69 per cent, effected their contracts during the first six months of 
the year of age, and 31 per cent, during the second six months of 
the year of age, while, amongst the Male Lives, the proportions 
were 70 per cent, and 30 per cent, respectively. The tabular ages 
at purchase were then supplied, in the cases of defective data, so 
as to maintain the same proportionate distributions; t,e.y in seven 
cases out of ten the age last birthday, and in the other cases the 
age next birthday, was assumed to be the nearest age. 

(5). The above percentages also afforded a basis for ascertaining 
the extent of the error involved in treating the Experience as if all 
cases were effected at their nearest age at purchase. Thus, in the 
tabulation of the Female Experience, 69 lives out of 100 were 
referred back to their last birthdays, and the remaining 31 lives 
referred forward to their next birthdays. This involved the 
assumption that the average interval between the date of purchase 
and the last preceding birthday was '31 of a year, or say 37 
months. The true average interval, as shown in Appendix I, being 
4*3 months, the effect of the method adopted was to understate the 
age at purchase by 18 days. In a similar way, the method followed 
gave, in the case of Male lives, an assumed average interval of 
3*6 months; and the true average interval being 4*1 months, the 
ages were here understated by 15 days. 

(6). Baptisms. — In cases where the date of Baptism was 
supplied in lieu of the date of Birth, the cards were set aside for 
further consideration. These numbered about 600 for both sexes, 
or son^pvhat less than 2 per cent, of the whole number. An 
investigation was made of the records of a large Metropolitan 
parish, as to the interval between the dates of birth and of 
baptism, the result of which is set out in Appendix III ; as, 
however, the data there given were hardly conclusive, the 600 cases 
in question were referred back to the contributing Companies for 
the insertion of the office age at purchase (last birthday) ; and the 
assumed nearest ages at purchase were then recorded, according 
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to the proportionate distribution of the cases as indicated in 
Appendix I. 

III. AS TO THE METHODS FOLLOWED IN DETERMINING AND 

RECORDING THE TABULAR DURATIONS. 

(7). In the case of Old Annuities, i.e.y those effected prior to 
1st January, 1863, the durations of the individual cases as at entry 
under observation were then recorded upon the cards. The contracts 
being brought under observation from their anniversaries in the 
year 1863, the Duration before 1863 was simply the difference 
between the year of purchase and 1863, such duration being necessarily 
integral and exact in all cases. In the case of New Annuities, />., 
those effected between ist January, 1863, and 31st December, 1892, 
both inclusive, the cases came under observation from the date of 
purchase, and no duration at entry required to be specifically recorded. 

(8). The Duration of Annuity {as at exit from observation) 
was, in the case of contracts "Existing" in 1893, the difference between 
the year of Purchase and 1893, such duration being necessarily 
integral §ind exact, since the cases were so "Existing" on their 
contract-anniversaries in that year. In the case of contracts 
terminated by Death during the period of observation, the curtate 
duration, or number of complete years elapsed since Purchase, was 
recorded. A very few cases, not exceeding 100 in all, were set aside 
owing to defective data as to the day and month of death. In these 
cases, the number of years assumed as completed prior to death was 
determined upon the basis of a uniform distribution of the deaths over 
the calendar year ; the following exceptional cases being, however, 
specially treated, in consideration of the limitations of the data : — 
(i) Cases of death in 1863, which necessarily followed the contract 
anniversary in that year; (2) cases of death in 1893, which necessarily 
preceded the contract anniversary in that year; (3) cases of death 
during the calendar year of purchase, where the date of death 
necessarily followed that of purchase. 

(9). Withdrawals. — The cards, 103 in number, upon which 
the risk was recorded as terminating otherwise than by death, were 
set aside for separate examination. In 19 of the cases thus set 
aside, the withdrawal was closely associated, in point of Tiate, with 
the purchase of another annuity upon the same life. Where the 
amount of the annuity was increased under the second contract, 
the date of such increase was treated as a point of fresh selection, 
precisely as if the increase had been effected by means of a further 
annuity contract, during the currency of which the former contract 
had been maintained in force. Where the amount of the annuity 



was not increased by the second contract, the risk was treated as a 
single continuous one, the withdrawal being ignored. 

(lo). The remaining 84 cases of withdrawal were those involving 
surrender of the contract to the company, and final termination of the 
risk; and it was ultimately decided by the Joint Committee that 
these should be excluded from the Experience, but that the relative 
data should be separately tabulated. The Tables given on pages 
204-5 of the volume of Unadjusted Annuity Data supply the 
number arising for each sex at each age at purchase, and the 
number of years of risk involved under each age, separately stated for 
Old, New, and Combined Annuities, and for the purposes of 
Select and Aggregate Ts^bles. It will be seen that the aggregate 
years of risk excluded in respect of these 84 cases — ^without corres- 
ponding deaths — amoCint to 284*8, showing an average duration of 
about 3*4 years in each case. 

IV. AS TO THE TREATMENT OF DUPLICATES. 

(11). Collocation of Duplicates. — In order to bring together 
the cards relating to contracts upon the same life, the whole of the 
cards in respect of each sex were arranged chronologically^ in order of 
date of birth, and were subsequently re-arranged alphabetically^ in 
order of surname; an independent examination being made under each 
arrangement, for the detection of duplicates. In determining as to the 
identity of lives, the dates of birth and death were primarily useful, 
while the day and month of purchase, and even the amount of the 
annuity, were sometimes of assistance in deciding cases otherwise 
doubtful. In such cases, any two points of identity or close 
similarity, were, speaking generally, considered as forming ground for 
enquiry of the Companies, and a large number of cases wej-e 
thus decided. Errors detected, as a result of these enquiries, in the 
data as originally supplied, were corrected in red ink upon the cards, 
the most fruitful sources being found to be: — (i) the entry of the date 
of baptism as that of birth; (2) the entry of assumed dates of death, 
which frequently differed in respect of contracts effected upon the 
same life and in the same office ; the discrepancy arising from the 
literal oj^grvance of the instructions given in the last clause of 
paragraflp4 of the " Memorandum for the guidance of Companies." 
Thus, where two annuities were in existence upon the same life, 
the one payable yearly on September ist, the other yearly on 
December ist, and the last payments under the two contracts were 
made respectively on ist September, and ist December, 1885, the 
assumed date of death was recorded in the one case as ist March, 
1886, and in the other as ist June, 1886. 



(i2). In the case of Female lives, which contributed the major 
portion of the Experience, the question of identity was much compli- 
cated by the numerous cases of change of name arising upon marriage 
or re-marriage. The cards relating to Female lives were therefore 
further scrutinized, and cases in which the surnames differed, but the 
Christian names were in close agreement, with at least one other 
point of identity, were specially investigated. As a result of these 
several courses of scrutiny and enquiry, it is believed that in all 
cases cards relating to the same life have been brought together. 

(13). Elimination of Duplicates. — In accordance with the 
instructions of the Joint Committee, the following general principles 
were to be observed in the elimination of duplicates : — 

Select Tables — (data tabulated in respect of each Age at 
Purchase, and each Year of Duration) : — One only of those cases, 
arising on the same life at the same Age at Purchase^ to be retained. 

Aggregate Tables — (data tabulated in respect of Ages 
Attained, without regard to Age at Purchase) : — One only of those 
cases, arising on the same life at the same Age Attainedyio be retained. 

These principles to be separately applied in the. tabulation of 
Old Annuities, New Annuities, and Combined Annuities. 

(14). As an illustration of the application of these principles, 
reference may be made to the Rules given in Appendix IV, and to 
the specimen cards given in Appendix VII. Here four contracts are 
supposed to be effected upon the same life, two of which were taken 
out prior to 1863, as Old Annuities, and two subsequently to 1862, 
as New Annuities. The several tabular ages at purchase, and the 
durations brought under observation, are here set out : — 



Class of 
Annuity. 


Tabular Age 
at Purchase. 


Durations brought 
under Observation. 


Period of 
Observation. 


{a) Old 
{b) Old 
{c) New 
(^ONew 


45 
48 

52 

52 


3 to 18 
I to 16 

to 12 
to 12 


Age 48 to Death 
» 49 to „ 
n 52 to „ 
» 52 to „ 



(i) Select Tables. — Old Annuities. In the tabulation of this 
Section of the Experience, the cards (a) and (^), effected at different 
ages at purchase, would both be included. 

(ii) New Annuities. In this Section the card (c) would alone be 
retained, {d) being excluded, as effected at the same age at purchase. 
{See clause 2 [c) of Appendix IV.) 
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(ill) Combined Annuities. Here the cards (^), (jb) and (^), effected 
at different ages at purchase, would be retained, and (d) would be 
excluded. 

(iv) Aggregate Tables. — Old Annuities. In the tabulation of 
this Section, the card {a) would alone be retained, and (Jb) would be 
excluded, as representing the experience of duplicate years of life, 
irrespective of age at purchase. [See clause 2 (rf), Appendix IV). 

(v) New Annuities. Similarly, the card {c) would be retained, 
and (d) would be excluded* 

(vi) Combined Annuities. For the data to be included in this 
tabulation, the card {a) would alone be retained, and the cards 
(b\ (c) and (d) would be excluded, as representing the experience 
of duplicate years of life, irrespective of age at purchase. 

(is). It will thus be seen that the data, as regards any particular 
life or lives entering into the Select Tables, whether in respect of 
Old, New, or Combined Annuities, were not in all cases identical 
with those entering into the Aggregate Tables ; and further that 
the data entering into the Combined Annuities were not in all 
cases represented by the sum of those entering into the separate 
tabulation of Old and New Annuities. It was thus necessary to 
provide for distinct arrangements of the data in respect of each of 
the tabulations (i) to (vi) specified above. 

(i6). It is however, evident, that, apart from the question of 
duplicate contracts upon the same life^ the data for Old Annuities 
would be identical for Select and Aggregate Tables; and similarly 
with the data for New Annuities ; and, further, that the combination 
of the sectional data would furnish the data for Combined Annuities, 
whether for Select or Aggregate Tables. Advantage was taken of 
this fact to adopt a special method of deducing the tabular data, with 
the object of simplifying the operations, and avoiding the necessity 
for repeated re-sortings, and eliminations of cards. It may be 
added that the method thus adopted was primarily, and perhaps 
exclusively, adapted for the tabulation of an experience, such as that 
of Life Annuitants, where the data are not complicated by the 
introduc^n, during the period of observation, of any " mode of exit " 
other ^^S^death. 

(17). The data were in the first instance divided into two main 
groups : the Unduplicated cases, consisting of lives in respect of 
which a single contract only entered into the experience; and the 
Duplicated cases, or those in which two or more contracts upon the 
same life entered into the experience. Cases in the first named 
group, whether Old or New Annuities, necessarily entered in 



common into the tabulation for Select and Aggregate Tables; and 
their combination gave the data for Combined Annuities. In the 
group of duplicate contracts, however, ah examination had to 
be made of each case, in order to determine which of the 
duplicates on a given life had to be retained for purposes of 
Select Tables; and from these again had to be selected those 
which entered into the tabulation of Aggregate Tables. Under 
each form of tabulation it was also necessary to determine which 
of the duplicate cases, comprised in the data for Old and New 
Annuities respectively, were to be included in the data for Combined 
Annuities. 

V. AS TO THE METHODS ADOPTED FOR TABULATION 

OF THE -DATA. 

(i8). Abstracts of Data. — The cards for tabulation were 
thus comprised in two divisions: — 

(A) the main body of Unduplicated cases ; 

(B) the representative Duplicates for Select Tables. In this 
group were included the representative Duplicates for Aggregate 
Tables, constituting a sub-division (C). The cards included in this 
division and sub-division were selected, and distinctively marked, 
according to the rules detailed in Appendix IV. 

(19). The cards included in each of these divisions were first 
sorted into Old and New Annuities ; and, in each Section, according 
to tabular Age at Purchase. The cards representing Old Annuities 
^^re, for each age at purchase, then sorted according to Duration 
in 1863, and the numbers tabulated as cases "Surviving," 
according to age at purchase and year of duration, upon Abstracts 
of Data in the form shown by the specimen sheet given in 
Appendix V. The cards in respect of each age at purchase 
were then re-sorted, according to Mode of Exit, as "Dying" or 
"Existing;" and within each such group, according to Duration 
at Exit; and the numbers recorded, according to age at purchase 
and year of duration, upon the Abstracts of Data. 

(20). The cards representing New Annuities in each division for 
each age at purchase were similarly sorted according to Mode of 
Exit, as "Dying" or "Existing," and, within each group, according 
to Duration at Exit; and the numbers recorded, according to age 
at purchase and year of duration, upon the Abstracts of Data. 

(21). As the "New" Annuities all came under observation from 
the date of purchase, the number of New Annuities, recorded as 
"Entered" at duration o, constituted the total number of cases 



under observation at the particular age at purchase; and, as no 
" Old " Annuities came under observation at duration o, the numbers 
" Entered " at that duration were identical for New and for Combined 
Annuities. 

(22). The above processes of sorting and tabulation having 
been completed for each of the divisions above referred to as 
(A), (B) and (C), (the entries being made upon the corresponding 
lines of the Abstracts of Data under the headings Old Annuities, 
New Annuities, and Combined Annuities), the complete material 
was now available for the construction of both Select and 
Aggregate Tables ; in the case of Select Tables by addition of 
the numbers recorded, at any age and year of duration, upon the 
lines (A) and (B) ; in the case of Aggregate Tables, by addition 
of the numbers recorded, at any age and year of duration, upon 
the lines (A) and (C). The following detailed explanation of the 
several elementary and deduced functions tabulated in the volume 
of Unadjusted Data will, it is hoped, render the method of tabulation 
perfectly clear. 

(23). SELECT TABLES.~The elementary data, as set forth 
in the published volume of Unadjusted Data, on pp. 2-74 for 
Male, and on pp. 76-166 for Female Lives, were extracted from 
the records in the Abstracts of Data, entered upon lines (A) and 
(B), as explained above. These are tabulated in respect of each 
age at purchase, and each year elapsed since purchase, for Old 
Annuities, New Annuities, and Combined Annuities. On account 
of further elimination of duplicates — See Appendix IV, (3) (iii) — the 
data for Combined Annuities differed from the sum of the data 
as separately tabulated for Old and New Annuities in five cases, 
of which two were on Male Lives (both at Age at purchase 63) 
and three were on Female Lives (at Ages at purchase 61, 68, 
and y6). A footnote has been added to the Select Tables 
at each of these ages, calling attention to these special cases. 
Throughout the several columns of the Tables, dashes ( — ) are 
uniformly, inserted where, from the limitations laid down in 
taking out the Experience, there were necessarily no data, and 
dots (...) are inserted where there happened to be no data at the 
particular age at .purchase and year of duration. The numbers 
inserted in brackets, immediately below the sectional headings Old 
Annuities, New Annuities, and Combined Old and New Annuities, 
represent the total numbers brought under observation as Entrants 
in each Section, and in the Combined Sections, at the particular 
age at purchase. 
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(24). ** Entered.'' Columns (2) and (9). The numbers 
recorded in column (2), and repeated in column (9), opposite the 
figures I and upwards in column (i), represent the Old Annuities 
entering under observation at their contract anniversaries in 1863, 
set against the '^Years elapsed since Purchase" (in column i), which 
represent their true integral durations when so brought under 
observation. These numbers are extracted from the relative columns 

c 

headed "Number Surviving" in the Abstracts of Data. The 
numbers recorded in column (9) of the published Tables, opposite 
the figure o in column (i), represent New Annuities, all of 
which come under observation from the actual date of purchase 
(at duration o). 

(25). " Existing:/' Columns (3), (6), and (id). The numbers 
recorded in these columns represent, for the Old, New, and 
Combined Annuities, the cases Existing at the close of the 
observation, that is to say, upon their contract anniversaries in 1893, 
taken from the relative columns headed "Number Existing" in the 
Abstracts of Data. These cases are set against the "Years elapsed 
since Purchase" in column i of the published Tables corresponding 
to their true integral durations attained in that year. Since there 
can necessarily arise no "Existing" in 1893 at the same durations 
in the case of Old and New Annuities, the numbers set out in 
column (10) are throughout the same as those set out, upon the 
same line, in either columns (3) or (6) ; excepting on p. 142 
(Female Lives, age at purchase 61), where, for the reason stated 
in § (23), the Combined experience has been reduced by elimination 
of duplicates. 

(26). **Died. '* Columns (4), (7), and (11). The numbers 
recorded in these columns represent, for the Old, New, and 
Combined Annuities respectively, the cases Dying during the period 
of observation (i 863-1 893), taken from the relative columns headed 
"Number Dying" in the Abstracts of Data, and set against the 
figure in column (i) of the published Tables corresponding to their 
curtate duration at death. The numbers given in column (11) 
represent throughout the sums of those set out in columns (4) 
and (7), excepting on p. 54 (Male Lives, age at purchase 63), on 
p. 149 (Female Lives, age at purchase 68), and on p. 157 (Female 
Lives, age at purchase ^6)y where, for the reason stated in 
§ (23), the Combined experience has been reduced by elimination 
of duplicates. 

^ (27). "Exposed to Risk.'^ Columns (5), (8), and (12). 
The observations in respect of cases "Entered" and "Existing" 



^ 
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being limited throughout by contract anniversaries, and the period 
of risk in respect of cases of Death being computed up to the end 
of the year of duration current at death, the numbers in these 
columns are throughout integral. The processes employed in 
deducing the numbers Exposed to Risk in the experience of 
Combined Annuities, as given in column (12) of the Select Tables 
on pp. 2-166, are indicated by the following formulae: — 

Let [x] = the tabular age at purchase ; 

/ = the number of years elapsed since purchase ; 

o'lxw = the cases " Entered " under observation as Survivors 
upon the /th anniversary following date of purchase ; 

€[jr)+/= the cases "Existing", at the close of the period of 
observation, upon the /th anniversary following date 
of purchase ; 

^[^]^^= the cases "Died" having a curtate duration of/ years 
since purchase, that is to say, during the currency of 
the (/+i)th year; 

E[;f]+/ = the " Number Exposed to Risk" in the (/+ i)th year 
following date of purchase ; 

Then we have E[^]+o=<7-[:r]+o (0 

for the number exposed to risk in the year immediately following 
purchase ; 

for the calculation of successive values by a continued method ; 

r=/ r=/ r=/-i 

and E(jr]+/= 2<r[;r]+r— 2 €[:r]+r— 2 ^W+r . . . (S) 

r=o ^ = x r=o 

for verification of intermediate or final values. 

Thus, for the Combined experience of Female Lives, Age at 
Purchase 62 (Select Tables, p. 143), we have, employing formula (2) 

E[62]+io= E[6a]+9 + <^[62]+io""(€[62]+xo + ^[68]+9) 

= 469 +6—28—21 = 426; 

or, employing formula (3), and summing the numbers in each column 
between the limits indicated, 

T = io r=xo T=9 

E[63]+xo= 2 <r[62]+r— 2 €[6a]+T— 2 ^[6a]+r 
r=o r=x r=o 

= 1,017 — 396 — 19s = 426. 

(28). For Old Annuities, inasmuch as the cases come under 
observation from their first (or later) anniversary, and not from the 
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date of purchase, certain terms in the several formulae necessarily 
vanish in deducing the numbers exposed to risk in column (s) of 
the Select Tables on pp. 2-166. 

(29). For New Annuities, all values of a-ij^^+r excepting the 
initial value a-[;»:]+o disappear ; and formulae (2) and (3) reduce to the 
following simple forms ; — 

Ew+/=E[;P]+/>x— (€[:r]+/+%]+/_i) (4) 

Ew+^=0-M+o— 2 €[;r]+r— 2 0[x]+r (S) 

r=i r=o 

(30). These several formulae were applied to deduce the numbers 
exposed to risk by means of working sheets of the form set out in 
Appendix VI, which, with the example given above, is, it is hoped, 
sufficiently clear and explicit to indicate the methods followed, 
without further explanations. 

^^ Unadjusted Probabilities of Dying in each of the 
Ten Years following Purchase." 

(a) Arranged according to Ages at Purchase: — 

(31). On pages 168-9 and 174-S of the volume of Unadjusted 
Data are given the values of g[x]+t for all values of ;r from 20 upwards, 
and for all values of t from o to 9 inclusive, arranged so that the ages 
at purchase [x] are the same in each horizontal row, and the durations 
(() in each vertical column. The values are throughout deduced 
from the deaths, and the numbers exposed to risk, of the Combined 
Annuities, as set out in columns (11) and (12) respectively of the 
Select Tables on pp. 2-166. 

(32). On pp. 172 and 178 of the volume are given the ** Probabilities 
of Dying in each of the Ten years following Purchase, deduced 
from the data for Quinquennial groups of Ages at Purchase." 
These probabilities have been deduced by summing in quinary . 
groups the deaths and the numbers exposed to risk previously 
employed. Thus, for the group of ages at purchase 60 to 64 
(Female Lives), we have for the probability after the expiration 
of 4 years from purchase: — 

'[6o]+4 + E[6i]+4 + E[62]+4 H- E[63]+4 + ^[641+4 

16 + 20+20 + 21 + 23 _ 100 _ g as tabulated 
-618 + 643 + 697 + 657 + 643" 3,258 - ""^"^^ ^' tabulated. 

08) Arranged according to Ages Attained: — 

(33). On pp. 170-1 and 176-7 of the volume are set out the values 
of dix-tHt for all values of jt from 25 upwards and all values of /from 



^[6o....64]+4-Er6ol+.+ Er6xl+. + Er6.l-,.+ Er6„+.+ Er-^- * ' ' ^""^ 



O to 9 inclusive, arranged so that the ages attained {x) are 
the same in each horizontal row, and the durations (/) in each 
vertical column. The values are again deduced from the deaths 
and the numbers exposed to risk of the Combined Annuities, as 
set out in columns (ii) and (12) respectively of the Select Tables 
on pp. 2-166. 

(34). On pp. 173 and 1 79 of the volume are given the " Probabilities 
of Dying in each of the Ten Years following Purchase, deduced 
from the data for Quinquennial groups of Ages Attained." 
These probabilities have been deduced by summing in quinary 
groups the deaths and the numbers exposed to risk employed in 
the construction of the Tables on pp. 170-1 and 176-7. Thus, for 
the group of ages attained 6o-€4 (Female Lives), we have for the 
probability after the expiration of 4 years from purchase, 

y[6o . . . 64— 4]+4 — rp ,Tp ,17 ,17 ,17 ... \/j 

= ^f-^9+i6-f9-H6 ^ _62_ 

408+436+480+475 + 618 2,417 ^ ^' 

(35). The effect of selection, so far as indicated by the 
unadjusted data, can be most conveniently traced along the 
horizontal rows in the tables on pp. 170, 171, and 173 for Male 
lives, and on pp. 176, 177, and 179 for Female Lives. 

(36). AGGREGATE TABLES. — The Tables given in the 
published volume on pp. 182-187 for Male, and on pp. 192-197 for 
Female Lives, supply the data and deduced functions in respect of 
each age attained by the lives under observation, irrespective of their 
ages at purchase. The tabular results are separately stated in 
respect of Old Annuities, New Annuities, and Combined Annuities. 
Duplicates having been independently eliminated under each of 
these three headings, as arising at ages attained, a life is 
represented once only in respect of each age; and duplicate 
periods of risk, arising by bringing together Old and New contracts 
upon the same life, have been eliminated in the Combined 
Experience. (See Appendix IV.) Thus, in the Female Annuity 
Experience at age 50, it will be seen that in the separate 
tabulation of the two Sections there were 29 cases "Entered" in 
the Old Annuities (p. 192) and 302 in the New Annuities (p. 194). 
In two of these cases it was found that contracts upon the same life 
were represented in both the Old and New Sections, and the two 
duplicates were therefore eliminated from the Combined Experience, 
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which therefore includes 29 cases "Entered in 1863" and only 300 
''Entered 1 863-1 893" (p. 196). The elementary data for full 
Aggregate Tables, as tabulated, were throughout deduced from the 
Abstracts of Data prepared in the form of Appendix V, by 
addition of the numbers recorded on lines (A) and (C); the 
data so deduced in respect of each age at purchase and year of 
duration being afterwards brought together, upon working sheets, 
at tabular ages attained. Thus, the number of cases tabulated as 
" Entered " at any age attained, were made up of the combined data 
for all ages at purchase, and durations, which together made up such 
age attained; and similarly with the cases "Dying" and "Existing." 

(37). **Age.'' Column (i). The age here stated is in all 
cases the tabular age attained, represented by the nearest age at 
purchase, increased by the number of years elapsed since purchase. 
For ages prior to 15, the data, which include no deaths, are grouped 
in smaller type at the head of the Table. 

(38). "Entered.** old annuities, column (2); new 

ANNUITIES, COLUMN (2); COMBINED ANNUITIES, COLUMNS (2) 

AND (3). In these columns are recorded the numbers entering 
upon observation at the tabular age. In the Combined Annuities 
(pp. 186-7 2i"d 196-7) the cases are separately tabulated according 
as they are "Entered in 1863" or "Entered 1 863-1 893." 

(39). ^^ Existing." old annuities, column (3); new 

ANNUITIES, COLUMN (3); COMBINED ANNUITIES, COLUMN (4). 

In these columns are recorded, at the tabular age, the numbers 
Existing (and thus passing out of observation) on their contract 
anniversaries in 1893. 

(40). "Died." OLD ANNUITIES, COLUMN (S) ; NEW 
ANNUITIES, COLUMN (S); COMBINED ANNUITIES, COLUMN (6). 

In these columns are recorded the numbers of Deaths which took 
place in the year following the attainment of the tabular age ; thus, 
an annuity purchased at nearest age 40, under which the life 
failed in the tenth year following purchase, is tabulated as '* died " 
at age 49. 

(41). "Exposed to Bisk." old annuities, column (4J; 

NEW ANNUITIES, COLUMN (4) ; COMBINED ANNUITIES, COLUMN (5). 

The numbers here tabulated represent the numbers Exposed to 
Risk for the year following the attainment of the tiabular age. 
Let (To, represent the cases " Entered ", and e^, the cases " Existing ", 
at age;r, and Og, the cases "Dying" in the year following completed 
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age X ; where o-j. is of the form 

r—x 



T=0 



deduced from the Abstracts of data for Aggregate Tables; and 
similarly with e^. and Qx ; and let E^p represent the number exposed 
to risk in the year following age x\ then we have 

E,= E^..+cr,-(€,+<?,_,) (8) 

for the calculation of successive values by a continued method ; and 

a=jr o=jr a=jr— i 

E;r= 2 o-a- 2 €«- 2 ^« (9) 

a=o aso a=o 

for verification of intermediate or final values. The observations 
in respect of cases "Entered" and "Existing" being limited 
throughout by contract anniversaries, and the period of risk in 
respect of cases of Death being computed up to the end of the 
year of duration current at death, the numbers exposed to risk 
are throughout integral. 

Thus, for the Combined Experience of Female Lives at age 6o 
(Aggregate Tables, p. 197) we have, employing formula (8), 

E6o= E59 + 0*60 — (€60 + ^59) 

= 3,840+775 — 265-62=4,288; 

or, employing formula (9), and summing the numbers in each column, 
from the youngest age at which there are data to the upper limit 
indicated, 

ass6o a=6o ^=59 

E6o= 2 CTa- 2 €0— 2 Oql 
a=o a=o a=o 

= 7,377-2,645- 444 = 4,288. 

In the computation of the numbers exposed to risk for 
Aggregate Tables, working sheets were employed similar in their 
general plan to those adopted for Select Tables (See Appendix VI). 

(42). ^^ Unadjusted Mortality Tables. Living. Djring." 

OLD ANNUITIES, COLUMNS (6) AND (7) ; NEW ANNUITIES^ 
COLUMNS (6) AND (7); COMBINED ANNUITIES, COLUMNS (7) AND 

(8). These Tables have been computed, by the usual methods, 
from the numbers exposed to risk, and the deaths, as given 
in the two preceding columns. As the earliest death arises, in 
the Female Experience, after completed age 23, and, in the Male 
Experience, after completed age 26, the radix of each mortality 
table has been conveniently taken as 100,000 living at ag^e 20; and 
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the numbers living and dying at each later age have been set out 
to the nearest integer. 

(43). ** Probabilities of Living and' Dying.'* old 

ANNUITIES, COLUMNS (8) AND (9) ; NEW ANNUITIES, COLUMNS (8) 
AND (9); COMBINED ANNUITIES, COLUMNS (9) AND (lO). These 

functions are deduced from the numbers exposed to risk and the 
deaths at each age^ and are stated to five places of decimals 
throughout. 

(44). ^^Complote Expectation of Life.'* old annuities, 

COLUMN (10) ; NEW ANNUITIES, COLUMN (lO) ; COMBINED 

ANNUITIES, COLUMN (ii). The values of ix here set out 
have been deduced from the probabilities of dying as given in 
the preceding column. The calculations were throughout performed 
with the Arithmometer, for which the most convenient formula 
was 

<r=(l+^;r+x)-?;r(l+<r+i) (lO) 

whence the complete expectations were deduced by the customary 
addition of 'SCO. The values of Cx are stated throughout to three 
places of decimals. The tabulated values of px, gxy and 1^, being 
deduced directly from the " Exposed to Risk " and " Died," will not 
always agree precisely in the last place of decimals with those which 
would be deduced from the numbers living and dying in the 
Unadjusted Mortality Table, these latter functions being stated to 
the nearest integer. 

(45). "Truncated" Aggregate Tables. — This expression 

has been employed to describe the special Tables which represent 
the Aggregate Experience of Combined Old and New Annuities 
after excluding the experience of the first five (or the 
first ten) years following purchase. As a distinguishing 
feature, these Tables are printed throughout in a heavier type. 
It was decided to include these special Tables in the volume 
of unadjusted data, in the hope that they might facilitate 
investigations as to the duration of selection, and the ultimate 
rate of mortality after the effect of selection may be considered 
to have passed off. Their publication must not, however, be 
understood as expressing any view as to the particular number of 

years (probably more than ten) during which selection is actually 

• 

in effective operation in the Annuity Experience. The numbers 
in the several columns of the Tables set forth on pp. 1 88-191 for 
Male, and on pp. 198-201 for Female Lives, have been arrived 
at on the principles and methods already set forth in respect of 
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the full Aggregate Tables; excepting that the cases "Entered" 
include both those coming under observation at the expiration 
of the fifth (or tenth) and following years after purchase, and also 
those earlier entrants, surviving at the expiration of five (or ten) 
years from purchase ; and the cases " Existing " and "Died" include 
only those lives whose period of exposure exceeded five (or ten) 
years from purchase. 

VI. COMPARISON OF MORTALITY FUNCTIONS, AND ANNUITY 
VALUES, WITH THOSE DEDUCED FROM OTHER ANNUITY 
TABLES. 

(46). ^'Four Tears' Extended Mortality Table." 

Rates of Mortality. For the purpose of direct comparison 
with the Government Annuity Table, 1883, an "Extended Mortality 
Table" was specially constructed for each sex, based upon the 
Combined Annuities, tracing the lives in Select Tables through 
each of the first four years following purchase, and then passing 
into a Truncated Aggregate Table, from which was excluded 
the experience of the first four years following purchase. The 
Tables set out on the upper portion of pages 208-9 show, for 
.each sex, and for every fifth age attained from 50 to 80, the 
resulting annual rates of mortality in each of the first four years 
following purchase, and also the rate after the expiration of four 
years from purchase. The values of ^[^-a+z, as deduced from the 
unadjusted rates of mortality, being somewhat irregular, the tabulated 
values have been computed from the data for quinary groups of 
ages, so that, for example, under the heading "Annuity Experience 
( 1 863-1 893)," the rate of mortality at "central age 60" (Female 
Lives) in the second year following purchase, as set out on page 209, 
is deduced by the formula : — 

ytsS. . . 62-x]+x — "p I T? _L IT _l_ T? I 17 • * ' V* */ 

^[57]+! + M58]+x "T ^[S9]+X + M6o]+x + i^£6i]+x 

4+5+7+I3+I6 ^ 45 

529+594+604+751+790 3,268 ^'^' 

The rates of mortality taken from Mr. A. J. Finlaison's 
Report dated lOth February, 1883, and appended for comparison, 
are the adjusted values at the ages given. 

(47). Expectations of Life.— 'The curtate Expectations 
of Life have also been specially computed, for each sex, from 
the Extended Mortality Table above referred to, and are set 
out on the lower portion of pages 208-9. The values given 
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are those for every fifth age attained at the date of purchase, 
and at the end of each of the first four years following purchase. 
Thus, for Female Lives, at age attained 65, duration 2, the 
value 1277, is that of ^[633+9, the expectation at age 65 attained, 
in respect of a life aged 63 at purchase. It will be observed that 
whilst, for Male Lives, the curtate expectations of life as here 
tabulated do not upon the whole differ very materially from those 
brought out by the Government Annuity Tables, 1883, there 
appears a tendency for the values brought out by the new experience 
slightly to exceed those deduced from the Government Tables. 
For Female Lives it will be seen that the values of the 
expectations of life by the new experience decidedly exceed 
those brought out by the Government Tables, there being an 
excess at every age and duration here tabulated, excepting only 
^[7s)+o and ^[791+x. Upon the average the Female expectation of 
life by the new Table appears to exceed that deduced from the 
Government Annuity Tables, 1883, by fully half a year. 

(48). Aggregate Tables. The Tables given on pages 210-1 
of the published volume show, for each sex, and for ages attained of 
50 and upwards, the annual rates of mortality, deduced (i) from 
the Combined Annuities ; (2) from the several investigations of the 
Government Annuity Experience dated 1883, i860, and 1829; (3) 
from the French Annuity Experience ("R F",/./.^., XXXIII, 485). 
There are further included rates deduced (4) from the H^ Table, and 
(5) from the Carlisle Table. As the unadjusted rates based upon the 
new experience show somewhat irregular results, the rates as 
graduated by Mr. Woolhouse's formula are also supplied. The 
corresponding curtate expectations of life, as deduced from 
each of the above-named Tables, are given on pages 212-3 
for every fifth age attained. It will be observed that the 
adjusted and unadjusted expectations as deduced Yrom the new 
experience, are practically identical ; also that for Male Lives 
the expectations by the new experience are generally higher than 
those brought out by the Government Annuity Tables, or the 
French Annuity Experience; whilst, for Female Lives, the 
expectations by the new experience are in most instances much 
higher than those of the Government Annuity Experience i860 
and 1883, or the French Annuity Experience; also that the 
Government Annuity Tables of 1829, for Female Lives, show at 
most ages expectations even greater than those of the new experience. 

(49). Select Annuity Values. By way of further comparison, 
the Tables on pages 214-5 show, for each sex, and at every fifth age, 
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the value at date of purchase of an annuity, at 3 per cent, by 
the Government Annuitant Experience, 1883, as given in Mr. A. J. 
Finlaison's Report (pp. 32-3); also that approximately deduced 
from the Annuitant Experience 1863-1893 (Combined Annuities, — 
Unadjusted Data). In order to obtain greater smoothness in the 
latter, they were computed by summing the data for quinary groups 
of ages at purchase. Thus, for example, the annuity value at 
"central age 60" is given by the formula 

where //[58...6a] is the continued product of the function 

for values of n ranging from o to (/— i). The formula adopted for 
deducing the annuity value at date of purchase was 

^[58 ... 6a] = ^/[58 . . . 63]( I + ^[58 . . . 6a]+x) 

= ^AsS ... 6a] I I + I^AsS . . . 6a]+i ( I + ^58 . . . 6al+a) j = CtC, etC. 

This method, it will be seen, required the calculation of all 
successive values of the annuity ^[53 . . . 62]+/ for the determination of 
the annuity value at purchase ^r[58...6a], but it had the advantage 
of being suitable for working with the arithmometer. The values of 
p were throughout computed from the data for Select Tables, as is 
indicated by the above formulae. 

(so). Inasmuch as the mean age of the entrants at the ages at 
purchase 58, 59, 60, 6 t, and 62, is not 60 exactly, but a modified age, 
say 60', the value of ^[58... 63] thus obtained (see column 3. p. 214), 
does not correctly represent ^'[60] > the value of the annuity at the 
central age 60, but rather that of ^'[601, an annuity at the mean age. 
To obtain the corrected value, the following formula, based upon 
Central First Differences, was employed : — / 

/ / , ;r— y ( , , ) 

where x' represents the mean age of the total entrants at the several 
ages at purchase x^2, x—i, Xy x-\-i, and x+2; whilst (-r-hS)' 
represents the mean age of the entrants at ages ;r+3, ;r+4, x+$, 
x+6, and x-\-j\ and similarly for (;ir— 5)', The calculation of the 
several values of the mean age x' given in column (2), was made 
by means of the formula 

^f__^ , 2(E[^4.2]4.o— E[^^g]4.o) + (E[^+i]+o-- E[^-i] +o) ^ 
E[;r-2]+o + E[jr- i]+o + E[;»:]+o + E[;j-+i] + o + E^^+aj+g ' 
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Thus, for example, at central age 60, for Male lives, 

y=6o+ 2(277- 193) + (275 -192) ^6^.,,, 
193 + 192 + 278 + 275 + 277 

, , , . 60-60-21 (, , \ 

and a [60]=^ [60-21]+ 6^^5TH7^7 (^ [65-04]""^ [55-"l| 

o^ . 60—60-21 f ^ ) «>- 

= 10785+ 6g.Q^_gg.„ {9'oi5-i2-633} = io-862, 

as tabulated for Male lives in column (4) on p. 214. 

(51). The above approximate method of deducing some 
indications of the annuity values at date of purchase from the 
Unadjusted Data, was tentatively adopted, pending the investigation 
and publication of a scientifically based graduation. The graduation 
having since been completed, it may be convenient to append for 
comparison the graduated annuity values as at date of purchase, 
computed at 3 per cent, at every fifth age from 40 to 80 inclusive, 
for Male and Female Lives. These are as follow : — 



Age at 


Graduated Value of Ofx) at 3 per cent. 


Purchase. 

w 




Males. 


Females. 


40 


17-603 


18-257 


45 


1 606 1 


16-930 


50 


14*403 


15-514 


55 


I2*66i 


13*964 


66 


io-88i 


12*230 


65 


9I2I 


io'333 


70 


7^441 


8-406 


75 


5-898 


6-614 


80 


4"537 


5-054 



On comparing these graduated values with those approximately 
deduced, as g;ven in column (4) on pages 214 and 215 of the volume of 
Unadjusted Data, it will be observed that the differences are not very 
considerable, excepting at ages 40, 45 and 50 for Male Lives, where 
the original data were very scanty ; the Entrants (" New " Annuities) 
at the grouped ages at purchase 38-42, 43-47 and 48-52, being for 
Male Lives, 134, 239 and 521 respectively. 

THOMAS G. ACKLAND, 

Hon, Official Supervisor, 
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COPY OF SPECIAL INSTRUCTIONS 

ISSUED TO COMPANIES CONTRIBUTING TO 

THE ANNUITANT EXPERIENCE. 



NEW COLLECTIVE MORTALITY EXPERIENCE 
IN Preparation by the Institute of Actuaries and 

THE Faculty of Actuaries. 

MEMORANDUM 
for the guidance of the companies in filling in the 

Mortality Experience Cards. 

ANNUITY NOMINEES. 

1. It is intended that the New Collective Mortality Experience shall include 
(a) annuities existing on the books of the Companies on the anniversaries 
in 1863 of the dates of entry, and (b) annuities granted between 
I St January 1863 and the 31st December 1892. A form of card will be 
supplied for each of these separate classes, and specimens are enclosed 
herewith. That headed ** Old Annuities " is intended for class {a) above 
named, and that headed " New Annuities " for class {b), A card should 
be written for each annuity that comes within the limits of the experience. 

2. The male lives are to be distinguished from the female ; and for 
the male lives buff cards are to be used, and for the female, blue cards. 

3. Only those annuities are to be included which are on lives resident 
in the United Kingdom at the date of entry. Thus, cards are not to be 
written for annuities granted through agencies abroad, or for annuities 
granted in the United Kingdom on lives residing abroad at the date of 
entry. ^ 

4. Only those annuities which at the date of the contract were imme- 
diate, and for the whole of life, should be included. Thus, cards should 
not be written for deferred annuities, temporary annuities, contingent 
survivorship annuities, or annuities on jomt lives ; but annuities on joint 
lives and the survivor should be included, and cards should be written 
for each life involved. In all cases of annuities on joint lives and the 
survivor, the letter " S " (signifying survivor) should be placed under the 
heading " Remarks." 
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5. Only those annuities should be included which were granted at 
tabular rates for the ages at entry. Annuities set up in connection with 
reversionary transactions of any kind should be excluded, only those 
annuities being included which were granted to the public in 
consideration of cash payments. 

6. Only direct annuities of the Company are to be included; and 
therefore cards are not to be written for annuities granted to other 
Offices. 

7. It will be noticed that two descriptions of type appear on the cards. 
It is intended that the Companies shall fill in the particulars required 
only under the large capital type, and that those asked for in the small 
Roman type shall be filled in by the Institute and the Faculty of 
Actuaries. 

8. Taking in order the lines in capital type upon the cards, the 
following explanations may be useful. 

9. No The Contract No. should be inserted here. 

10. p The amount here required is the sum per annum to the 

** nearest ;^ payable under the annuity contract. 

I r. It is desirable that the full Surname and the first Christian 

" Life." name, and the initials of other Christian names of the Life 
should be given. 
The Surname should be placed on the first line, and Christian name 
or names on the second. In the case of a compound Surname, such as 
John Brown-Smith, the last name only should be treated as Surname, the 
remainder being treated as part of the Christian name and given in full 

after the Christian name on the second line : thus \ ^ . ' 

I John Brown. 

Similarly in the case of a Surname with such a prefix as "de", 
"von", "van", "van der", &c., e,g,^ "Van Tromp", only the Surname 
itself, e.g,y "Tromp", should be placed on the first line, and the prefix 
" Van", &c., should be placed on the second line after the Christian 
names. If, however, the prefix is actually incorporated in the name, 
e.g,^ Vanderbilt, then the whole should appear on the first line as 
Surname. 

In the case of a female who has changed her name by marriage, 
the name under which she was nominated for the annuity should be 
given on these two lines, and her maiden name, or her married name, as 
the case may be, should, if possible, be given under " Remarks." 

In the case of a peer, the family name and the Christian names 
should be given on these two lines, and the title should be given under 
" Remarks." 

12. The date of birth should be given with as much accuracy 

" Date of as possible. The day of the month should be inserted 
Birtn. under the letter "d" in the column before the hyphen, 
and the number of the month, thus 7 for July, should be inserted after 
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the hyphen, the year being given in the ruled column on the right, under 
the word "year." If the exact date of birth cannot be given, such 
particulars as are possible should be supplied in this line, 

13. "Date of Here should be written the date when the annuity corn- 
Entry." menced to run. 

14* « n f f ^^ *^^ great majority of cases exit will have been caused by 
P . „ death, and the date of death should be entered here. 
Should the annuity have been cancelled by surrender, the 
date of surrender should be given. Should the month of death only be 
known this should be inserted. When even the month of death is 
unknown, the date of death is to be assumed to be the day half-way 
between the last due-date of payment and the next day on which the 
annuity would have been payable if the annuitant had not died. 

15. ujjr ^ r The letter "D", to be placed within the brackets, will mean 
P . „ that the exit was caused by death, and the letter "T" by 

termination in any other way. 

16. The observations are to close with the anniversary of the contract 
in 1893. If the contract still remained in force at its anniversary in 
1893, the lines Date of Exit and Mode of Exit should be left blank ; and 
it will be assumed in all cases where no mark is made on them, that the 
contract was still running at the close of the observations. 

17. For the sake of distinguishing the different Companies, so that the 
cards may be returned after they have been used for the Mortality 
Experience, each Company shall have a distinguishing number or letter, 
to be approved by the Institute and the Faculty of Actuaries, printed at 
the foot of the card. The Company for its own purposes may make 
such remarks on the back of the card as may be thought desirable ; but 
it is particularly requested that no marks except those above mentioned 
be made on the face of the card. 

18. The writing and figures on the cards should be made as distinct as 
possible, and the figures should be ranged under each other so that there 
may be no difficulty in reading them ; and in the cards for old annuities, 
under the heading " year ", the figures should be ranged above and below 
those for 1863 which are printed, so that in subsequently dealing with 
the cards there may be no difficulty in making additions or subtractions. 

19. The cards of each Company, when all completed, should be sent in 
to the Institute of Actuaries or to the Faculty of Actuaries arranged in 
any order that the Company may find convenient. 

20. If any further explanations be required they will be supplied on 
application to the Honorary Secretaries of the Institute of Actuaries, 
Staple Inn Hall, Holborn, London, W.C., or to the Honorary Secretary 
of the Faculty of Actuaries, Edinburgh. 



August ly iSp4, 
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Appendix I. 

ANNUITANT EXPERIENCE 1863-1893 

Table showing the proportionate Number of Contracts effected by Male and Female 
Annuitants, scheduled according to the interval (in months) between the 

Date of Purchase and the preceding Birthday. 





Interval 

(in MonihR) 

between 

Date of Parchase 

and preceding 

Birthday. 


Profobtiomatb Number or Contracts (per 10,000) 

ErFECTKD BY 




Hale 
Annuitants 


Female 
Annuitants 


Male and Female 
Annuitants 




0) 


(2) 


(8) 


(4) 




to 1 


2,149 


2,018 


2,054 




1 to 2 


1,402 


1,322 


1,345 




2 to 3 


1,047 


923 


956 




3 to 4 


916 


928 


925 




4 to 5 


787 


884 


858 




5 to 6 

6 to 7 


716 

7,017 

747 


809 

6,884 
764 


784 
6,922 

759 




7 to 8 


669 


729 


713 




8 to 9 


575 


581 


579 




9 to 10 


446 


458 


454 




10 to 11 


333 


321 


324 




11 to 12 


213 

2,983 


263 

3,it6 


249 
3,078 


• 


Totals 


10,000 


10,000 


10,000 




Average ) 
Interval j 


4'1 Months 


4'3 Months 


• • • 


Mea 


w Age Method: — 






Assumed Interval 6*0 Months 


60 Months 




Deviation ... 1*9 Months 


1*7 Months 




(67 days) 


(51 days) 




Nearest Age Method: — 






Average Interval 3*6 Months 


3*7 Months 




Deviation ... 0*6 Months 


0*6 Months 








(15 days) 


(18 days) 
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Appendix II. 

RULES FOR OBTAINING THE NEAREST AGE AT PURCHASE 
BY MODIFICATION OF THE YEAR OF BIRTH. 

(i) Modification to be applied to the Year of Birth recorded on the 
cards in the following cases: — 

(a) Where Day and Month of Birth precede Day and Month of 

Entry by more tJian six tnonths, mark the Year of Birth (— ) 

(b) Where Day and Month of Birth follow Day and Month of 

Entry by more than six months^ mark the Year of Birth (+) 
(^) Where the interval between Day and Month of Birth and Day 
and Month of Entry is exactly six months : — 
(i) If the Day and Month of Birth precede the Day and 
Month of Entry, mark the Year of Birth, in one-half oi 
the cases, (— ) 
(ii) If the Day and Month of Birth follow the Day and 
Month of Entry, mark the Year of Birth, in ofie-halfoi 
the cases, ( + ) 
(2) In all cases to obtain the Nearest Age at Purchase deduct the 
Year of Birth (modified ± i as marked in the above cases) from 
the Year of Entry. 



Appendix III. 

BAPTISMS REGISTERED IN THE PARISH OF ST. JOHN OF 

WAPPING, 1760-J870. 

One hundred and twenty cases were extracted promiscuously from the 
entries in the several months, January, 1760; February, 1770; March, 1780J 
and so on, up to December, 1870 ; — ten from each month : — 



Interval between Birth 
and Baptism. 


Number of 
Cases. 


Interval between Birth 
and Baptism. 


Number of 
Cases. 


0- 9 days 


6 


Brought forward 


97 


10-19 » 
20-29 » 


12 

36 




• 


I- 2 months 


—54 
31 


1-2 years 


8 


2- 3 » 


S 
-36 


2- 3 » 


4 


3- 4 n 


2 


3- 4 „ 


I 


4- 5 
5-6 „ 

6- 7 ,, 


2 

I 



4- 5 » 

5- 6 „ 

6- 7 „ 


5 

I 

2 


7-8 „ 
8-9 „ 


I 

I 


7-8 „ 
8- 9 „ 


I 


9-10 „ 





9-10 „ 





lO-II „ 





lO-II „ 





11-12 „ 





11-12 „ 


I 




— 7 




—23 


Carried forward 


97 


Total 


120 * 
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Appendix IV. 

NOTES AS TO THE SELECTION AND DISTINCTIVE MARKING 

OF DUPLICATES, AND AS TO THE COMPOSITION OF 

DATA FOR SELECT AND AGGREGATE TABLES. 

SELECTION, AND DISTINCTIVE MARKING, OF DUPLICATES. 

(i) The symbols employed for distinctively marking, by india- 
rubber stamps, the cards representing duplicates upon the same 
life, and the cases to which they severally applied, were as follows :-^ 

"X." Cases whose periods of exposure were duplicated by 
those of other cases effected upon the same life and at the 
same Age at Purchase^ and which were therefore excluded 
from both Select and Aggregate Tables. 

*.*C S." The remaining cases, selected as representative duplicates 
for Combined Annuities, when tabulated in the form of 
Select Tables. The cases so marked, when sorted, according 
to the printed indication upon the cards, as "Old Annuities" 
and "New Annuities," were also the representative duplicates 
for the separate tabulation of Old and New Annuities. 
(It was thus unnecessary to have a distinctive symbol "S"). 

"CA." Cases (already marked "CS" as above) of Old or New 
Annuities, which showed, in respect of each life, the longest 
continuous exposure at ages passed through, in the 
experience of Old or New Annuities, and also of Combined 
Annuities; and which therefore entered into the Aggregate 
Tables for the Old or New Section, and for the Combined 
Sections. 

"A." Cases of New Annuities (already marked "C S" as above) 
where an Old Annuity upon the same life had already been 
marked "CA." The selected New Annuities were those 
which showed the longest continuous exposure, in respect 
of each life, at ages passed through ; and the cards thus 
marked entered into the Aggregate Tables for New 
Annuities only, but not for Combined Annuities. 
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RULES FOR MARKING THE DISTINCTIVE SYMBOLS UPON 

THE CARDS. 

(2) The following Rules, which apply throughout to cases of 
two or more contracts effected upon the same life, specify the 
processes followed for the selection and marking of the cards: — 

Preliminary, — Sort out the Withdrawals^ and select therefrom those 
cases where the termination of the older contract is associated, in 
point of date, with the purchase of another contract effected upon 
the same Life. In cases where the later contract increases the 
amount of the Annuity, write a fresh card, combining the exposures 
of the two contracts ; mark the Withdrawal card "X", and leave 
the card representing the later contract unmarked. In cases 
where the later contract does not increase the amount of the 
Annuity, write a fresh card, combining the exposures of the two 
contracts, and mark both the constituent cards ''X." Mark all 
remaining Withdrawal cases "X." 

Cards marked "X" are excluded from the experience, and 
from the operation of the following Rules. 

{a) Sort the cards (including any re-written cards) upon the 
same life in order according to tabular age at purchase. 

(^) Where there is one card only at any age at purchase, 
mark the card "C S." 

if) Where there are two or more cards at the same age at 
purchase, select the case in which the tabular age at 
purchase most closely approximates to the true age 
at purchase; mark that card "C S", and the remaining 
cards ''X." {See also note (iii) on next page.) 

{d) From the cards upon the same life, marked "CS," select 
the one at the earliest age at purchase, marking the 
same "CA." 

(^) Where the selected card marked "C A" is an Old Annuity, 
examine any New Annuities (upon the same life) separately, 
and select the card which would have been marked "C A" 
if the Old Annuities had been absent, and mark such 
selected card " A." 

(3) A few special and exceptional cases, arising in the process 
of thus selecting and marking the cards, may be here referred to: — 

(i) Annuity contracts effected at different dates, upon the same life, 
of which one {or more) was Existing at the close of the period of 
observation, and one {or more) was terminated by Death in the year 
1893. As the period of observation of each contract did not 
extend beyond its anniversary in 1893, such a case arose whenever 
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the deathof an Annul taiit happened, in 1893, between the anniversaries 
in that year of the different contracts upon the life. Where two or 
more of such contracts were effected at the same nearest age at 
purchase (but at different calendar dates), a choice had to be made for 
the purpose of Select Tables; where the several contracts were 
effected at different ages at purchase, they were all included in the 
Select Tables, but a choice of one had to be made for the 
Aggregate Tables. In the former case, the application of the 
above rules involved the selection of that contract in which the 
nearest age at purchase most closely approximated to the true 
age ; and in the latter case, of the contract effected at the earliest 
age at purchase. In consequence of this selection in certain cases 
of the " Existing " contract, there were excluded from the Select 
Tables 5 deaths (4 on Male, i on Female, lives) ; and from the 
Aggregate Tables, 17 deaths (5 on Male, 12 on Female, lives). 

(ii) Contracts effected upon the same life and at the same tabular 
age at purchase. The following special cases were dealt with, 
under rule (r), by selection of the contract in which the tabular age 
at purchase most closely approximated to the true age : — 

(a) Two or more cases "Existing" in 1893, the integral 
durations differing by one year. 

(^) Two or more cases of "Death" during the period of 
observation, the curtate durations differing by one year. 

(iii) Contracts effected upon the same life^ and at the same tabular 
age at purchase y one (in 1862) as an Old Annuity, the other {in 
1863) as a New Annuity, Here one case would be included in 
the data for Select Tables, Old Annuities, and the other for New 
Annuities. In the tabulation of Combined Annuities, the case 
selected (marked " C S ") was that in which the tabular age at 
purchase most closely accorded with the true age ; and the other 
case was exceptionally marked "[C]S," and eliminated as a 
duplicate. Only five cases of this type actually arose in the 
Annuity Experience, two on Male and three on Female lives. In 
each of the cases the card retained for the tabulation of Combined 
Annuities, and marked "CS" happened to be the Old Annuity 
upon the life. 

COMPOSITION OF DATA FOR SELECT AND AGGREGATE TABLES. 

Group (A). Unduplicated cases, being those in which a single 
contract only upon each Hfe had been effected. These cases, which bore 
no distinctive markings, other than the words "Old Annuities" or "New 
Annuities " printed at the top of the cards, entered into the tabulation of 
both Select and Aggregate Tables for Old or New, and also for Combined, 
Annuities. 

Group (B). Representative duplicates entering into the construction 
of Select Tables ; comprising Old and New Annuities distinctively marked 
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"CS," or "CS. CA**; and New Annuities marked "CS. A.'' (The 
marking "CS" being thus common to all). The data for Combined 
Annuities included all cards thus marked, saving the exceptional cases 
referred to under clause (iii) above, and marked " [C] S.'' 

Group (C). Representative duplicates entering into the constuction 
of Aggregate Tables ; comprising the following, selected from Group (B) : — 
Old and New Annuities marked "CS. CA"; and New Annuities marked 
"CS. A." (The marking "A" being thus common to all). The data for 
Combined Annuities included the cards marked "CS. CA" only. 

The sectional data in groups (A)> (B) and (C) being then entered on 
the corresponding lines of the abstracts of data, the addition of the tabulated 
data on lines (A) and (B) forms the complete data for Select Tables ; whilst 
the addition of lines (A) and (C) forms the complete data for Aggregate 
Tables. 

The following scheme shows graphically the manner in which the cards 
in the several groups entered into the construction of Select and Aggregate 
Tables :— 



SBCnON. 


Representative Duplicates 
for Select Tables. 


Uuduplicated 
Gases. 


Representative Duplicates for 
Aggregate Tables. 


Group (B) 


Group (A) 


Group (O) 


Distinctive Markings of the Cards. 


" Old" Annuities 


CS "Old" 


" Old" 


CA "Old" 

1 


"New" Annuities 


CS "New" 


« New" 


A "New", CA" New" 


Combined "Old" 

and 
"New" Annuities 


CS "Old", CS "New" 


"Old" "New" 


CA "Old", CA "New" 




Group (B) 


Group (A) 


Group (C) 



Select Tables. 



Ag^egate Tables. 



Specimen Cards, illustrating the original entries, the records of Ages 
and Durations (which were made by means of india-rubber stamps), and 
the distinctive markings of Duplicates, are given in Appendix VII. The 
particulars as to "Age in 1863" and "Age at Exit" (which had been 
provided for, in- view of a possible tabulation by ages passed through instead 
of durations) were not ascertained, or recorded upon the cards. 



Appendix V. 
ANNXTITANT EXPEBIENCE 1863-1893 
AGE AT ENTEYt 62. ABSTRACT OF DATA 



3« 



FB1EAI.B LIVES 



TEARS 

OP 
DURA- 
TION 

• 

0) 


AGES 

PARSED 

THROUGH 

(2) 


"OLD" AIJNUITIES 

(Contracts effected prior to 

1863, and subsisting on their 

Policy-Anniversanes in that 

year) 

NUICBKR BKOVOHT ) 

UKDES ■ a 

Obssrtatioh y 


"NEW" 

ANNUITIER 
(Contracts effected 

between 

1st January 1863, 

and 81st Decembei 

1892) 

NmcBm ^ 

BSODSHT 1 
UHDKB |~ 
DiMERTATIOXy 


• 

COMBINED "OLD" AND 

"NEW" ANNUITIES 

(Contracts subsisting in 1863, 

and those effected between 

1st January 1868, and 

Slst December 1892) 

NUMBBK BRODflHT^ 

UBDBR y 3 

Obsbrtatiov J 


AGES 

PASSED 

THROUGH 


TEARS 

OP 
DURA- 
TION 

• 

(12) 


Number 

SUR. 
VIVINGt 
on Policy- 
Anniver- 
saries 
in 1868 

<8) 

• •• 

• •• 
■ • • 


Number 
DTING 
between 

1863 

and 

1893 

(4) 


Number 
EXIST- 
ING 
on Policy- 
Anniver- 
saries 
in 1893 

(5) 


Number 
DTING 
between 

1868 

and 

1893 

(6) 


Number 
EXIST- 
ING 
on Policy- 
Anniver- 
saries 
in 1898 

(7) 


Number 

SUR. 
VIVINGt 
on Policy- 
Anniver- 
saries 
in 1863 

(8) 


Number 
DTING 
between 

1863 

and 

1893 

(9) 


Number 
EXIST- 
ING 
on Policy- 
Anniver- 
saries 
in 1893 

(10) 





62 


B 

A 

o 


• • • 

• • • 

• • • 


• • • 

• •• 

• • • 


2 

8 

■ • • 


■ • • 

• • • 

• • • 


• • f 

• • • 

• • t 


2 

8 

• • • 


• • • 

• • • 


B 

A 

c 


62 





1 


63 


B 

A 
C 

B 

A 

c 

B 

A 

C 

B 

A 
c 

A 

C 

B 

A 
c 

B 

A 
c 


4 
IS 

• • • 


• • • 

I 

• • • 


• • • 

• •• 

• • • 


2 
lO 

• • • 


i6 

30 
3 


4 

IS 

• • • 


2 
II 
••• • 


16 
30 

3 


B 

A 

c 


63 


1 


2 


64 


5 

7 

I 


• • • 

I 

• • • 


• • • 

• • • 

• • • 


• • • 

9 

• • • 


17 

29 

7 


S 
7 

I 


• • • 

10 

• • • 


17 

29 

7 


B 

A 



B 

A 

B 

A 

c 

B 

A 
c 


64 


2 


3 


65 


7 
13 

4 


• • • 

• • • 

• • • 


• • • 

• • • 

• • • 


6 
i6 

2 


19 

47 
8 


7 

13 
4 


6 

16 

2 


19 

47 
8 


65 


3 


4 


66 


5 

8 

4 


• • • 

• • • 

• • • 


• •• 

• •• 

• • • 


5 

IS 

I 


13 

27 

4 


5 
8 

4 


5 

IS 
I 


13 

27 

4 


66 


4 


6 


67 


5 
5 
5 


I 

I 

■ • • 


• • • 

• •• 

• • • 


7 

13 
S 


12 

30 
3 


S 

5 
5 


8 

14 
S 


12 

30 

3 


67 


6 


6 


68 


3 
8 

2 


• • • 

2 

• • • 


• • • 

• • • 
» • • 


4 
II 

3 


II 

17 
4 


3 
8 

2 


4 

13 

2 


II 

17 
4 


B 

A 
c 

B 

A 

c 

B 

A 
c 

B 

A 

c 

B 

A 
c 


68 


6 


7 


69 


4 
7 
4 


I 

5 

• • • 


• • • 

• •• 

• • • 


7 

21 

s 


24 
20 

16 


4 
7 
4 


8 
26 

4 


24 
20 

16 

1 


69 


7 


8 


70 


B 

A 
c 

B 

A 
C 

B 

A 
c 


5 
II 

3 


2 
I 
I 


• • • 

• • • 

• • • 


6 

17 

4 


14 
20 

6 


S 
II 

3 


8 
18 

4. 


14 
20 

6 

• 


70 


8 


9 


71 


2 
II 

• • • 


I 

3 

I 


• • • 

• • • 

• • • 


3 
14 

2 


6 
16 

S 


2 
II 

• • • 


4 

17 

3 


6 
16 

S 


71 


9 


Totals \ 
carried V 
forwardj 




40 

23 


5 
14 

2 


• • • 

• •• 

• • • 


42 

134 

22 


132 
236 

S6 


40 

8S 
23 


47 

148 

21 


132 
236 

$6 




rTotals 
- carried 
(.forward 


Ck>iitri1 
Select 

Contril 
Affffrego 


bntion to 
Tables: 

tmUonto 
rfeTftblefl 


• 
• 


01( 


1 Annuit 

(A + B) 
(A+C) 


ies 

) 


Newi 
(A 
(A 


Lunuities 
+ B) 
+ C) 


Comb 


ined Ann 

[A + B) 
(A+C) 


uities 

1 




Contribui 
Select Tt 

[!ontribu 
iggregcUe 


tion to 
ibles: 

Lion to 
Tables. 



NoTK. — ^The headings ultimately adopted by the Joint Committee for the published Tables were as under :— 
* " Tears elapsed since Purohase " (columns 1. 12). t " Entered " (columns S, 8). t " Age at Purchase " (heading). 



Appendix VI. 



SELECT TABLES (A + B) 
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ANNUITANT 

1863- 

WORKING SHEET FOR 











AGE 


AT BNTRir 62 -M 




E] 


(POSED 


YEARS 






"OLD" ANNUITIES 




"NEW" 


AGES 




(ContracU effected prior to 1868, and sabsisting ou their 


(Contracts cfTected 


OP 






Policy-AnniTersaries in that year) 




and Slat 


DURA- 


PASSED 
THROUGH 




NuMBEB Under OnsEBVATioa (Subvivobs)=168 




Entrants (oixf) 


TION 


SarvivoTS 


Deaths 


Existing 


Total 


Net 


Exposed 
to Risk 


Deaths 


Existing 






inlSGS 


1863-1893 


in 1893 


Decrement 


MOVEMEMT 


1863-1893 


in 1893 


W 


M+^ 


<^*>fl 


^«l+«-l 


*£«]+< 


(» + €) 


(0), 


2'(G) 


^xnt-1 


n*]+« 


(1) 


(2) 
62 


(8) 


(4) 


(5) 


(») 

• • • 


(7) (S) 


(9) 


(10) 


(11) 





• • t 


• « • 






+ ... 


— ,,, 


• • • 


m 
• • • 


• • • 


1 






19 


■ • • 






• • • 


19 




19 


10 


46 


2 






12 


I 






I 


II 




30 


12 


46 


3 






20 


I 






I 


19 




49 


9 


66 


4 






13 


• • • 






• • • 


13 




62 


22 


40 


6 






lO 


• • • 






• • • 


lO 




72 


20 


42 


6 






II 


2 






2 


9 




81 


• 20 


28 


7 






II 


2 






2 


9 




90 


15 


44 


8 






i6 


6 






6 


10 




100 


28 


34 


9 






13 


3 






3 


lO 




no 


23 


22 


10 


72 


6 


4 






4 


2 


• • • 


112 


17 


28 


11 


• • • 


6 


7 






7 




I 


III 


17 


28 


12 






2 


8 






8 




6 


los 


21 


21 


13 






4 


6 






6 




2 


103 


15 


13 


14 






5 


5 






5 




• • ■ 


103 


16 


16 


16 






3 


12 






12 


* ... 


9 


94 


12 


13 


16 






I 


12 






12 




II 


83 


6 


8 


17 






3 


13 






13 




lO 


73 


12 


15 


18 






2 


8 






8 




6 


67 


8 


7 


19 






2 


7 






7 




5 


62 


9 


5 


20 


82 


2 


5 






5 




3 


59 


15 


2 


21 


• • • 


2 


9 






9 




7 


52 


5 


^ i 


22 






I 


4 






4 




3 


49 


5 


3 


23 






I 


5 






5 




4 


45 


7 


7 


24 






I 


8 






8 




7 


38 


3 


3 


25 






• • • 


8 






8 




8 


30 


2 


• • • 


26 






I 


9 






9 




5 


22 


• • • 


6 


27 






I 


4 






4 




3 


19 


5 


• • • 


28 






• • • 


8 






8 - 




8 


II 


• • • 


I 


29 






• • • 


2 






2 




2 


9 


• • • 


• « • 


30 


92 




5 






5 




5 


4 






31 








I 






I 




I 


3 






32 








I 






I 




I 


2 






33 








I 






I 




I 


I 






34 








• • • 






••• 




• ■ • 


I 






36 








I 






I 




I 


• • • 






36 








• • • 






• • • 




• • • 


• • • 






37 








• • • 






• • • 




• • • 


• • • 






38 








• • • 






• • • 




• • • 


• t • 






39 








i • ■ 






■ • • 




• • • 


• • • 






'■ ■ ■■ • 


• • • 


z68 


i68 


• • • 


XI2 


112 


112 


1,871 


334 


552 



* When ^=0, <T\^\\.i = 
and for all other values 



EXPESIENOE 
1893 
DEDUCING NUMBERS 
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Appendix VI. 



FEICALB XIVES 



TO RISK 




AGE AT 


ENTRY 


62- 


•M 








ANNUITIES 


COMBINED "OLD" AND "NEW ANNUITIES 






between Ist January 1868 


(Contracts subsisting in 1868 and those effected between 1st January 1868 


AGES 


YEARS 


December 1892) 


and 81st December 1892 




OF 


==886 


N™b.H UHDHt 0BSEEVAT.0«{|^^^=^||}=t064 


PASSED 


DURA- 


















THROUQB 




Net 


Exposed 


Survivora 


Deaths 


Existing 


Total 


Net 


Exposed 




TION 


MoTement 


to Bisk 


in 1863 


1863-1893 


in 1893 


Decrement 


MovEMEirr 


to Risk 






(G) 

* 




o-[«]+l 


^x]+«-l 


«t«}+< 


(«+0 


(G) 




M+^ 


(0 


02) 


08) 


04) 


(15) 


06) 


(IT) 


08) (19) 


(20) 


(21) 


(22) 


+ 886 


886 


• • • 


■ •• 


• • • 


• • • 


+ 886 


^~ •• • 


886 


62 





- 56 


830 


19 


10 


46 


56 


- • • 


37 


849 


• • • 


1 


58 


772 


12 


13 


46 


59 


• • • 


47 


802 


• • • 


2 


75 


697 


20 


10 


66 


76 


• • • 


56 


746 


• • • 


3 


62 


635 


13 


22 


40 


62 


• • • 


49 


697 


• • • 


4 


62 


573 


10 


20 


42 


62 


• • • 


52 


645 


• • • 


6 


48 


525 


II 


22 


28 


§° 


■ • ■ 


39 


606 


• ■ ■ 


6 


59 


466 


II. 


17 


44 


61 


• • • 


50 


556 


• • f 


7 


62 


404 


16 


34 


34 


68 


• • • 


52 


504 


• • « 


8 


45 


359 


13 


26 


22 


48 


• • • 


35 


469 


t • • 


9 


45 


314 


6 


21 


28 


49 


• • • 


43 


426 


72 


10 


45 


269 


6 


24 


28 


52 






46 


380 


• • t 


11 


42 


227 


2 


29 


21 


50 






48 


332 


• • • 


12 


28 


199 


4 


21 


13 


34 






30 


302 


• • • 


13 


32 


167 


5 


21 


16 


37 






32 


270 


• • • 


14 


* 25 


142 


3 


24 


13 


37 






34 


236 


• • • 


16 


14 


128 


I 


18 


8 


26 






25 


211 


• • ■ 


16 


27 


lOI 


3 


25 


15 


40 






37 


174 


• • • 


17 


15 


86 


2 


16 


7 


23 






21 


153 


• • • 


18 


14 


72 


2 


16 


5 


21 


• • • 


19 


134 


• • • 


19 


17 


55 


2 


20 


2 


22 






20 


114 


82 


20 


13 


42 


2 


14 


8 


22 






20 


94 


t • • 


21 


8 


34 


I 


9 


3 


12 






II 


83 


* ft • 


22 


14 


20 


I 


12 


7 


19 






18 


65 


• • • 


23 


6 


14 


I 


II 


3 


14 






13 


52 


• • • 


24 


2 


12 


• • • 


ID 


• • • 


10 






10 


42 


ft » • 


26 


6 


6 


I 


9 


6 


15 






14 


28 


• • • 


26 


5 


I 


I 


9 


• • • 


9 






8 


20 


ft ft • 


27 


I 


• « • 


• • • 


8 


I 


9 






9 


II 


ft • 1 


28 


• • • 


• • • 


• * • 


2 


• • • 


2 






2 


9 


■ • ft 


29 






• • • 


5 




5 






5 


4 


02 


30 






• • • 


I 




I 






I 


3 


ft • • 


31 






• • • 


I 




I 






I 


2 


• ft • 


32 






• • ■ 


I 




I 






I 


I 


ft • ft 


33 






• • • 


• • • 




• • • 






• • • 


I 


• • • 


34 






• • • 

• • • 

• • • 

• • • 

• • • 


I 

• • • 

• • • 

• • • 




I 

• • • 

• • • 

• • • 

• •• 






I 

• • • 

• • • 

• • • 

• • • 


• • • 

• • • 

• 1 1 
■ • • 

• • • 


ft • • 

• ft • 

• ft • 

• • t 

ft • • 


36 
36 
37 
38 
39 


• • • 


8,036 


z68 


502 


552 


1,054 


886 


886 


9,907 


• • • 


• • • 



the number of Entrants^ 



w 



LIFE-! 

[ Silas. 
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Appendix VII. 

SPECIMEN CARDS (two-thirds of full size). 

£106 



CS OLD AHHUITIE8. CAN. 

* if.mi /• ins ^ 



DATE— 

OF BIRTH. 
OF ENTRY. 
In 1868 
OF EXIT . 



D. M. 

10-19 



lU- S 



e- s 



TEAR. 

181^. 
189.L 
1863 
18?± 



Duration l)efore 1863. 
Duration of Annuity . 



Age at Entry 
Age in 1868 
Age at Exit 



8 

18 



45 



MODE OF EXIT ( D.^ ) 



REMARKS. 
^8 



y 



(Select Tables:—" Old" and " Combined" J. 
(Aggregate Tables:^" Old "and " Combined "J, 



CS OLD ANNUITIES. 
NO....^f^. £.7L 



M. f Marner, 

LIFE-! 

^ Silas, 



DATE — 

OF BIRTH. 
OF ENTRY. 
In 1868 . . 
OF EXIT . 



D. H. 

10 -It 



17-6 



6- 8 



Duration before 1863. 
Doiation of Annuity. 



teah. 

18.f.L 
18.?».. 
1863 
187.L 



Age at Entry 
Age in 1863 
Age at Exit 



1 
16 



48 



MODE OF EXIT ( D) 



REMARKS. 



0X1 



\ 



(Select Tables only : — " OW* and "Combined") . 



W 



CS NEW ANNUITIES. A \^ 

NO...M. j£..?? ^ 

M. ( _^!^!^> 

I Silas, 



DATE— 

OF BIRTH 

OF ENTRY. 

OF EXIT 



D. M. 

10-19 



18-1 



6- S 



Duration of Annuity. 



Age at Entry 
Age at Exit 



YEAR. 

181L 



18.^1. 

18.79. 



12 



52 



MODE OF EXIT ( D. ) 



REMARKS. 



^8 



(Select Tables:— "New*' and "Combined,"— 
Aggregate Tables:^" New" onlyj . 



w 



X NEW ANNUITIES. 

NO,..??.??. £.:^- 

M. r /^tfa.r*!?!! 

1^ Silas, 



X 



DATE— 

OF BIRTH 

OF ENTRY 

OF EXIT . 



D. M. 

10-19 



95-9 



6- S 



Duration of Annuity. 



YEA.R. 



18?..l 
181L 



12 



Age at Entry . 



Age at Exit 



52 



MODE OF EXIT ( D. .) 



\ 



REMARKS. 



^8 



(:Excluded from all Tables, J 
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ASSURANCE EXPERIENCE. 



NOTES AS TO THE PRINCIPLES AND METHODS 
ADOPTED FOR CLASSIFYING AND TABULATING 

THE DATA. 



I. PRELIMINARY PROCESSES OF CLASSIFICATION. 

(i). The Assurance cards received from the 60 English and 
Scottish contributing Offices, as entered up by them in accordance 
with the Instructions issued by the Joint Committee {see Appendix A), 
were first sorted according to sex, by separating the white cards 
(Male lives) from the pink cards (Female lives) ; and the cards 
in respect of each sex were then sorted according to the several 
Classes of Assurance, which were distinguished by initial letters 
entered on the line marked "Class," as specified in clause (12) of the 
Instructions. Specimens of the form of card employed (reduced in 
size) are given in Tables V and VI, pp. 56, 57. 

IL AS TO THE METHODS ADOPTED FOR DETERMINING THE 
TABULAR AGE AT DATE OF ASSURANCE. 

(2). Before determining the method to be adopted for arriving at 
the tabular age at date of assurance, investigations were made as to 
the interval subsisting, in the case of each assurance, between the date 
of assurance and the last preceding birthday. These investigations 
were made separately in respect of each of the eight groups shewn 
below ; and in Appendix C, are given the relative numbers, tabulated 
in respect of each month of interval, and reduced to a total of 10,000 
in each czise. The average intervals were as follows : — 

Table I. 



Section 

of 

Experience. 


Whole- Life Assurances. 


Endowment Assurances. 


Male Lives. 


Female Lives. 


Male Lives. 


Female Lives. 


Months. 


Months. 


Months. 


Months. 


English 
Scottish 


7'332 


6-908 
7-326 


7-847 
7-98S 


7-575 
7-855 
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(3). From the Table in Appendix C, the extent of the errors 
involved in treating the experience as if all assurances were effected 
at the nearest ages at date of assurance can be ascertained. Thus, in 
the Male Experience, English Section, Whole-Life Assurances, 3,647 
lives out of 10,000 would be tabulated as assuring on the last birthdays, 
and the remaining 6,353 lives on the next birthdays. This would give 
an average interval between the date of assurance and the last 
preceding birthday of '6353 of a year, or say 7*624 months. The true 
average interval being 7*332 months, the effect of the method would be 
to overstate the age at date of assurance by about 8^ days. If, on 
the other hand, the age at date of assurance were assumed to be the 
age last birthday, or next birthday, with an assumed interval of six 
months, the deviation from the true age would be 1*332 months, or 
about 41 days. Thus the former method gives the closer approximation ; 
and a similar result is shown by each of the Tables given. The age 
at date of assurance was therefore taken throughout as that attained 
upon the birthday nearest to the date of assurance, as determined by 
a comparison of the dates recorded upon the cards. The age thus 
deduced was that termed by Dr. Sprague (J.LA, XXXI. 208) the 
" Commencing Age." It was found that the most practical way of 
arriving at this result was first to modify the year of birth, so that 
the difference between the calendar year of assurance and the 
modified year of birth would give in all cases the nearest age at 
date of assurance. The modification of the year of birth was given 
effect to by marking the recorded year + or — in certain cases, 
determined by the rules set out in Appendix D. Those cases in 
which the data as to birth were defective were set aside, and dealt 
with by the methods set out in Appendix E. The aggregate number 
of these cases did not exceed about 3 per cent of the Male 
Experience, and about 6 per cent, of the Female Experience. 

III. AS TO THE METHODS OF RECORDING AND TABULATING 

THE DURATIONS. 

(A). AS AT ENTRY UNDER OBSERVATION. 

(4). In regard to all "Old" assurances, the duration upon the 
anniversary in 1863 was recorded, being the duration of the policy at 
the time of entry under observation. This duration was necessarily 
integral and exact. As the "New" assurances came under observation 
from the original date of entry (duration o), it was not necessary to 
record specifically in this class the duration as at entry under 
observation. 
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(B). AS AT EXIT. 

(5). The durations as at exit marked upon the cards were as 
under : — 

{a) Deaths. — The curtate duration, or the duration at the 
commencement of the policy year of death. 

{b) Existing* — The exact integral duration upon the policy 
anniversary in 1893, when the life passed out of observation 
by expiry of the period of observation. 

{c) Withdrawals and Terminations, — The curtate duration, 

or integral duration at the policy anniversary immediately 

preceding (or exactly according with) the cessation of the 

risk; together with a further record (see below), as locating 

the event within the policy year, so as to make provision for 

the fractional exposure within the year of exit. 

The detailed work of determining the integral and fractional 

durations to be so recorded upon the cards was found to be most 

efficiently and expeditiously performed by methods of sorting in 

« 

several stages, as specified in detail in Appendix F. 

(6) . Fractional Exposure of Withdrawals. — Having 
regard to the desirability that the tabulated records should furnish 
full information as to the cases of withdrawal, the Joint Committee 
determined to have prepared separate statistical records of the 
withdrawals, in such manner as to show, for each age at entry, or 
group of ages at entry, the actual incidence of the cases withdrawing 
in each year of assurance. This was carried into effect by 
sorting and tabulating the withdrawals in each policy-year into 
four groups of fractional duration, 0-2 Months ; 2-6 Months ; 
6-8 Months; and 8-12 Months; the central points of which groups 
represent the durations (inclusive of the days of grace) of the lapses 
arising respectively in the first, second, third and fourth quarter of 
the year. The cases of withdrawal comprised in these four groups 
were conveniently designated (with reference to their average or 
central durations expressed in months), W(i), W(4), W(7), and 
W(io), respectively. An example of the form in which the with- 
drawals were thus scheduled is given in columns (i) to (6) of 
Table III (p. 45). 

(7). The data thus scheduled were employed in determining 
the tabular duration of the withdrawals, that is to say, the assumed 
terms of their respective exposures. As it was desired to avoid 
fractions in these terms of exposure, the tabular durations to be 
deduced must necessarily be throughout integral ; and the question 
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'to be decided thus resolved itself into the determination of the 
principles upon which the withdrawals, falling in a given year, 
scheduled in the four groups of fractional duration above specified, 
should be referred to the beginning, or to the end, of the policy year, 
respectively, for the term of their tabular exposures. 

(8). In the first place, it may be stated that some confusion was 
caused by the fact that varying interpretations had been placed upon 
the Instructions to the Offices, with the result that it appeared, upon 
examination of the cards contributed by the several contributing 
Companies, that 25 had included a uniform period as the days of 
grace ; in one case, 1 5 days ; and in the remainder, 30 days, or one 
calendar month; 29 had throughout excluded the days of grace, 
whilst in the case of the remaining 6 Offices no definite rule was, 
from an inspection of the cards, readily ascertainable, the cases 
including, probably, varying periods of non-forfeiture (dependent upon 
the value of the policy) during which the assurance was maintained in 
full force. As, however, the Joint Committee had decided {see 
Appendix B, clause 10) that the data should be so tabulated as to 
include the days of grace (almost universally one calendar month or 
thirty days) within the period of observation, it became necessary 
to find some special method of estimating, in the case of withdrawals, 
the fractional period of observation in the last policy year, as affected 
by the days of grace. 

(9). For the purpose of ascertaining the most satisfactory 
method of dealing with this question, a body of cards was set aside 
and made the subject of a preliminary investigation. The cards 
selected were those relating to Male lives born in the year 1846 
included in the class of "New" Whole-Life Assurances, and from 
these selected cards the Table given in Appendix G waS constructed, 
showing in detail the distribution of the withdrawals in each of the 
first 30 years of assurance. This Table formed the basis of certain 
experimental methods and groupings, in order to select that method 
which appeared to be the most expeditious and accurate for the 
purpose. The cases recorded as passing out of observation at the 
exact points, o, 3, 6 and 9 months after the policy anniversary, as 
weil as those at the exact points, i, 4, 7 and 10 months, were tabulated 
separately, as showing (with the exception of such surrenders as 
were effected at those precise points) the lapses in respect of which 
the days of grace had been excluded from, or included within, the 
recorded period of observation, as derived from the dates on the cards. 

(10). The Nearest Duration Method being known as the most 
facile in operation, some modification of that method was sought 
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which should, without introduction of complexity, be appropriate and 
substantially accurate in the particular circumstances of this 
experience. The Nearest Duration Method, as is well known, lends 
itself admirably to the case where the days of grace are throughout 
excluded from the period of exposure; for the large body of 
withdrawals which then occur (by lapse) precisely at the beginning 
or end of a year are correctly recorded ; those withdrawing after 6 
months, being equally distributed, are also correctly recorded upon 
the average ; and those withdrawing at 3 and 9 months, which 
may fairly be considered as approximately equal in number, are so 
treated as practically to introduce compensating errors. 

(11). Where, however, as in the present case, it is desired to 
include the days of grace in the period of exposure, it is clear that 
the Nearest Duration Method is not equally applicable. This is 
illustrated by Table II (p. 44), where the integral duration, as tabulated 
by the Nearest Duration Method, is compared, in each successive 
policy year, with the exact duration as actually experienced the 
selected data employed being that contained in Appendix G, 
already referred to. It will be observed that, while the true duration 
of the withdrawals is, in the aggregate, represented with close accuracy 
by the Nearest Duration Method, the durations in individual policy 
years, and especially in the early years, are considerably distorted, the 
deviation amounting to 40 per cent, in excess in the first year of 
assurance, 12 per cent, in defect in the second year of assurance, 
1 1 per cent, in defect in the third year of assurance, and 10 per cent, 
in defect in the fourth year of assurance. In considering the effect of 
these deviations from the true exposures upon the total number 
exposed to risk, and upon the resulting rates of mortality, con- 
sideration must of course be given to the total number of cases 
entering upon each policy year {see column (2) of Table II); 
and the inclusion of this large body of cases, as might be expected, 
materially reduces the proportionate error in the resulting numbers 
exposed to risk. Bearing in mind, however, the importance of 
accurate data in forming conclusions as to the effect of selection, 
and the true rate of withdrawal in the early years of assurance, it 
seemed most desirable that some method should be employed which 
should give a closer approximation to the true duration of the 
withdrawals, considered as a separate class, in the early years of 
assurance. 

(12). The experimental investigation referred to above led to 
the conclusion that, for the first 30 years of assurance, the 
following modification of the Nearest Duration Method would 
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give results closely according with the actual exposures of the 
cases : — 

Modified Nearest Duration Method. 

(i) Refer cases whose fractional durations fall in the period 0-6 
months (marked W(i) and W(4) on the cards) to the beginning of 
the policy-year current at exit ; 

(ii) Refer cases whose fractional durations fall in the period 6-8 
months, both inclusive (marked W(7) on the cards), alternately to 
the beginning and end of the policy-year current at exit ; 

(iii) Refer cases whose fractional durations fall in the period 8-12 
months (marked W(io) on the cards), to the end of the policy-year 
current at exit ; and 

(iv) Transfer, from the beginning to the end of the policy-year, 
further cases, equal in number to one-twelfth of the total number of 
withdrawals falling in the year. 

(13). The rationale of this method, and its special applicability 
to the circumstances of the present experience, as well as an 
investigation of the amount of error involved in the deduced 
durations, and an example of the practical application of the method, 
are fully set out in Appendix M. 

(14). The withdrawals having, as stated in § (6), been throughout 
scheduled, for statistical purposes, in four groups, 0-2 Months, 
2-6 Months, 6-8 Months, and 8-12 Months, according to their 
fractional durations at exit, the material was at once available for 
deducing the tabular durations, by the application of the Modified 
Nearest Duration Method. Referring to the details of the method, 
as set forth in section (12) above, it will be observed (i) that the 
cases referred to the beginning of the policy-year are each given 
a tabular duration (in that year) of o months ; (ii) that the cases 
referred alternately to the beginning and end of the policy-year, 
are, one with another, given an average tabular duration of 6 months, 
or half a year ; (iii) that the cases referred to the end of the policy- 
year are each given a tabular duration of 12 months, or one year; 
and, finally, (iv) that the transference of one-twelfth of the whole 
number of withdrawals falling in the year, from its commencement 
to its close, is equivalent to the addition of a further exposure of one 
month, in respect of each withdrawal. The tabular exposures of 
the whole of the withdrawals falling in the policy-year, will thus 

be equal to 

o[W(i) + W(4)] -h iW(7) -h W(io) -h 3VW, 

which reduces to iW(7)-|-W(io)-f-jVW, 
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where W(7) and W(io) represent the withdrawals scheduled as falling 
in the fractional periods 6-8 months, and 8-12 months, respectively; 
and W is the total number of withdrawals in the year. The statistical 
records of the withdrawals in these groups thus formed a convenient 
basis for the calculation, by the above arithmetical processes, of the 
tabular exposures, without further reference to, or sortings of, the 
cards. The form of schedule employed for the statistical record 
of the withdrawals, according to age at entry, year of assurance, 
and fractional grouping of durations, and also for the calculation 
of the tabular exposures of such withdrawals, is given in Table III, 
from which it is hoped that the whole of the operations followed will 
be rendered perfectly clear. A note at foot of the Table sets forth 
the rules practically followed in ascertaining the tabular durations by 
the above formula, so as to avoid the introduction of fractions in 
the computed exposures. 

(15). Comparing now the years of risk of the cases of withdrawal, 
as estimated by the Modified Nearest Duration Method, with the true 
fractional period of risk, it will be seen, by reference to Table II, 
that the actual deviations arising over the 4,688 withdrawals included 
in Appendix G amount in the aggregate to twelve years and nine 
months of risk, giving a deviation of about one day in each case. 
The effect of the method is, however, even better seen when applied 
to the individual years of assurance; and it will be observed, on 
reference to columns (3), (6) and (7) of Table II, that the durations, 
as tabulated in individual years of assurance by the method now 
proposed, are practically indistinguishable from the exact durations 
of the withdrawals. A comparison of columns (7) and (s) will 
also illustrate the superiority of the method now proposed over 
the Nearest Duration Method, in the illustrative experience here 
investigated. 

(16). In confirmation of the general applicability of the method 
to different classes of the experience, and to assurances of different 
durations, further investigations were made, the results of which are 
given in Appendices H to L, and relate severally to 

(i). Whole Life Participating "New" Assurances,^ 
Male Lives, born in 1862, 



(2). Whole Life Participating "New" Assurances, 
Male Lives, born in i8i6, 

(3). Whole Life Participating "New" Assurances, 
Female Lives, bom in the years 1850 to 1865. ) 



Appendices 
H and J. 
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Table II. 

WHOLE-LIFE ASSURANCES. 
FABTICIPATINQ AND NON-FABTICIPATINQ. 
MALE LIVES— BORN IN 1846. 
-NEW ASSTJBANCES— EFFECTED 1863-1892. 



Comparative Statement of Fractional Duration of Withdrawals, as estimated by the 
Exact Duration Method, the Nearest Duration Method, and the Modified Nearest Duration 
Method, also of the Number of Cases (whether subsequently withdrawn or not) entering 
upon each Year of Assurance 



Curtate 
Duration 


Number 

of Cases 

Entering 

on Year of 

Assurance 


Exact Duration 
Method* 


N&ARE8T Duration 
Method f 


Modified Nearest Duration 
Method 


Curtate 
Duration 


Duration 


Duration 


Deviation 


Duration 


Deviation 


Years 


Months 


Years 


Years 


Months 


Years 


Years 


Months 




I 
2 

3 
4 


15,266 

14,585 
13,224 

12,216 

11,409 


211 
189 
162 
116 

97 


7 
3 
7 
9 
3 


296 
166 
144 

105 
93 


+ 84 

23 
18 

— II 

6 


5 
3 
7 
9 
3 


207 
189 

163 
118 

99 


- 4 

— 

+ 

+ I 
+ I 


7 

3 
5 
3 
9 




I 
2 

3 
4 


o— 4 


66,700 


777 


5 


804 


+ 26 


7 


776 


— I 


5 


0-4 


5 
6 

7 
8 

9 


10,726 

10,031 

9,401 

8,780 

8,164 


80 
61 

64 
60 

39 


9 

8 

10 

3 

2 


74 

55 
68 

^i 

36 


— 6 

— 6 

+ 3 

— 4 

— 3 


9 

8 

2 

3 

2 


82 

63 
67 
61 

39 


+ I 
+ I 
+ 2 
+ 
— 


3 

4 

2 

9 
2 


5 
6 

7 
8 

9 


5-9 


47,102 


306 


8 


289 


—17 


8 


312 


+ 5 


4 


5-9 


10 

II 

12 

13 
14 


7,536 
6,984 
6,410 

5,811 
5,223 


35 

31 

37 

31 
20 


8 
8 

4 
4 
4 


34 
30 
39 
31 
19 


— I 

— I 

+ I 

— 

— I 


8 
8 
8 

4 
4 


36 
32 
40 

33 
20 


+ 
+ 
+ 2 
+ I 
— 


4 

4 
8 

8 
4 


10 
II 
12 

13 

14 


10 — 14 


31,964 


156 


4 


153 


— 3 


4 


161 


+ 4 


8 


10—14 


15 
16 

17 
18 

19 


4,676 
4,116 

3,517 
2,933 
2,417 


16 

10 
10 

9 
10 


2 
10 

2 

4 
I 


15 
II 

II 

9 
10 


— I 

+ 
+ 

— 

— 


2 

2 

10 

4 

I 


17 
II 
II 
II 

10 


+ 
+ 

+ 
+ I 
— 


10 
2 

10 
8 

I 


15 
16 

17 
18 

19 


15—19 


17,659 


56 


7 


56 


— 


7 


60 


+ 3 


5 


15-19 


20 
21 
22 

23 
24 


1,915 
1,486 

1,107 

813 
559 


II 
4 

4 


I 





5 
5 
5 


II 

5 

5 


I 


• > • 

+ I 
+ 

— 

— 


• • • 


7 

5 
5 


12 

4 

5 


I 


+ I 

• • • 

+ 

— 

— 




• • • 

7 
5 
5 


20 
21 
22 

23 

24 


20—24 


5,880 


21 


3 


22 


+ 


9 


22 


+ 


9 


20 — 24 


Totals 


169,305 


1,318 


3 


1,324 


+ 5 


9 


1,331 


+ 12 


9 


Totals 1 



(I) 



(2) 



(3) 



(4) 



(S) 



(6) 



(7) 



(8) 



* Cases of Withdrawal at the precise points 0, 8, 6, 9 (as recorded), being treated throughout as of durations 1, 4, 7, 10 
respectively. 

t Cases recorded as Withdrawals at the precise point 6 being treated as of duration 7, and classed with those &lling in the 
second half of the year. 
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Table III. 

WHOLE-LIFE ASSURANCE EXPERIENCE 1863-1893 

SELECT TABLES MALE LIVES 

Talle of Bisiribution of WITHDRAWALS, with Calculation of FRACTIONAL EXPOSURES 
CLASS O Age at Assupanoe 26=[a?] SECTION gl P 



*' |ttfa '* Assurances With PEOPiTg 


CUHTATB 
DUBATION 


DISTRIBUTION OF WITHDRAWALS 


Fractions or 
Exposure 


FRACTIONAL 
EXPOSURE 


BALANCE 


Total 


0-2 

months 


2-6 

months 


6-8 

months 


8-12 
months 


i W (7) 


i^W 


(6) + (7) + (8) 


(2) -(9) 


t 


W 


W(l) 


W(4) 


W(7) 


W(10) 


i (col 5) 


i^(col2) 


wgi+, 


Wgi+* 


(1) 


(2) 


(8) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 




1 

2 
3 

4 
5 
6 
7 
8 
9 


6i7 
1,711 

1,015 

. 697 
503 
399 
277 
278 

211 
178 


6 

1,366 

743 

445 
290 

238 

143 

147 
118 

97 


124 

67 

71 

85 
70 

49 
52 
39 
25 
29 


364 

179 
108 

81 

54 
50 
36 
32 
27 
25 


123 

99 

93 
86 

!9 
62 

46 

60 

41 
27 


182 
90 

54 

41 
27 

25 
18 
16 

14 
13 


51 

142 

84 
58 

42 

33 
23 
23 
17 
15 


356 
331 

185 
158 
120 

87 

99 
72 

55 


261 
1,380 

784 
512 

345 

279 
190 

179 

139 
123 


O— 9 




















10 
11 
12 
13 
14 
16 
16 
17 
18 
19 


159 
144 

123 
119 

78 
80 
66 
67 
57 
37 


74 
80 

57 
63 
42 

35 

34 

35 

25 
21 


3i 
28 

30 
21 
12 
16 
12 
8 
10 

4 


19 

14 

15 
18 

II 

14 

5 

9 
10 

I 


35 
22 

21 

17 

13 

15 

15 

15 
12 

II 


10 

7 
8 

9 
6 

7 
3 

5 

5 

I 


13 
12 

10 

10 

6 

6 

5 
5 
5 
3 


58 
41 

36 

25 
28 

23 

25 
22 

15 


lOI 

103 

84 
83 
53 
52 
43 
42 

35 
22 


10—19 






» 

10 

5 

5 
I 

5 
I 

• « • 

I 

I 

• • • 






• 








20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


26 
21 

24 
12 

7 
2 

8 

5 

2 


25 

12 

10 

12 

2 

3 
I 

2 

I 

• • • 


5 
3 

• • • 

I 

3 

I 

I 

2 

2 

• • • 


10 
6 
6 

10 
2 
2 

• « • 

3 

I 

2 


3 
2 

• 1 1 

I 
2 
I 
I 

I 
I 

• • • 


4 
2 

2 

2 
I 


17 
10 

8 
13 

5 

3 

I 

4 
2 

2 


33 
16 

13 
II 

7 

4 

I 

4 

3 
• • • 


20—29 




















0—29 


6,973 


4,127 


812 


1,090 


944 


553 


574 


2,071 


4,902 



NoTB.— The integral numbers included in column (7) were deduced by dividing the corresponding numbers in column (6) 
by 2, all odd nvmhers being first increased by unity. The integral numbers in column (8) were deduced by dividing the 
corresxx)nding numbers in column (2) by 12, aU remainders up to 8 inclusive being neglected, and the integral quotient increased 
by unity, where the remainder exceeded 8. The effect of these two processes (taken together) was very slightly to increase the 
numbers in column (9), and to reduce those in column (10), the average increase being about 1 case in 24 durations. The total 
of column (9), if correctly deduced, is =(944+646+681 A)= 2,070^. - — 
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(4). Endowment Assurances, "New," Participating and Non- 
Participating,Male Lives, born in 1846 and 1862. Appendices 
K and L. 

An examination of these data and results will show that 
the withdrawals were similarly distributed in each of these classes 
and periods of life, and that the method adopted for tabulating the 
exposures gave in each case closely approximate results. 

(17). Fractional Exposure of Terminations. — The second 
class of cases requiring treatment in regard to fractional periods of 
exposure in the year of exit were the " Terminations." These 
were of five kinds : — (i) Maturities of Endowment Assurances ; 
(ii) Expiration of the period of assurance in Temporary Assurances ; 
(iii) Cessation of the risk on the surviving life by the death of the 
other life, in the case of Joint Life Assurances ; (iv) Cessation of the 
risk under Contingent Survivorship Assurance policies, by the death 
of the counter-life ; (v) Miscellaneous cases, under all classes of 
assurance, where the contract of assurance had been broken, and 
which had been reported as mode of e:^it "T." There were also 
other cases falling under classes (i) to (iv) through the class of 
assurance having been changed, subsequently to the issue of the 
policy, from Whole Life to one or other of the classes named above. 
{See clause i of supplementary Instructions to Offices, Appendix B.) 

(18). (i) Endowment Assurances. — In this class there were 

about 6,200 cases of Termination in the Select Tables, of which 
{a) 4,050 fell on a quinquennial birthday ; {6) 1,350 fell on a policy 
anniversary ; {c) 800 cases fell at miscellaneous dates, sometimes at 
other birthdays or at odd dates, showing them to be largely maturities 
paid in advance, but treated as maturities in the records on the cards. 
The cases in class {6) could at once readily have their exact 
integral duration recorded thereon. The cases of type {c) were 
sufficiently well dealt with by the ordinary application of the Nearest 
Duration Method. An exceptional difficulty, however, arose in the 
main class of cases of type (^), maturing upon the quinquennial 
birthday, consequent upon the application of the Nearest Age Method. 
For, considering the Terminations on the sixtieth birthday, these, 
since the tabular age at date of assurance is the " Nearest " age on 
such date, would fall either in the second half of the tabular year of 
age 59-60, or in the first half of the tabular year of age 60-61, 
according as the actual sixtieth birthday was before, or after, the 
then nearest policy anniversary. At each quinquennial age, therefore, 
the Terminations, falling as they would in adjacent halves of different 
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policy years, would not yield those measures of compensation within 
their own policy years which form the basis for the application of the 
Nearest Duration Method. 

(19). An illustration may serve to render this somewhat important 
point clear. Let two endowment assurances be effected, one (a) 
at actual age 39I, the other {6) at actual age 40^ ; and let both 
assurances mature on the attainment of the 60th birthday. In both 
cases, the tabular, or nearest, age at entry would be 40 ; and the full 
durations of the assurances up to maturity would be 20i years in 
case {a), and 19! years in case {d). The maturities would thus fall in 
different policy-years^ {d) in the first half of the 21st year, {b) in the 
second half of the 20th year. By the application of the Nearest 
Duration Method, both cases would be tabulated as passing out of 
observation after an integral duration of 20 years, at tabular age 60. 
In all cases of type [a) there would thus be a deficiency (to an extent 
in each case not exceeding six months) in the tabulated durations ; 
and, in all cases of type (^), there would be a corresponding excess in 
the tabular durations ; and these would tend to be compensatory in 
amount. As, however, the cases of excess exposure would arise in 
the policy-year next preceding that in which the cases of deficient 
exposure would arise, there would be no compensating corrections 
in the same policy -year; and, as the maturities arise (practically) at 
every fifth age only, the effect is that, at these particular ages, 
the exposures in the year immediately preceding are throughout 
overstated, whilst those in the following year are throughout 
correspondingly understated. 

(20). From results of some tabulation of cases {see Appendix N), 
which matured upon the sixtieth birthday, it was ascertained that 
those falling in tabular year of age 59-60 had a mean duration of 
about 9 months ; and that those falling in tabular year of age 60-61 
had a mean duration of about 2 months ; whereas, by the Nearest 
Duration Method, they would be treated as being under observation 
for 12 months and o months respectively in their policy-year of exit. 
To overcome this difficulty, in the former group one case out of every 
four maturities within the year was deducted from the exposed to risk 
for that year, as arrived at by the Nearest Duration Method ; and 
in the latter group one case out of every six maturities within the 
year was added to the exposed to risk, as arrived at by the Nearest 
Duration Method. 

(21). (ii) Temporary Assurances.— The few cases for terms 
other than complete y^ars in case of temporary assurances were 
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dealt with by the ordinary application of the Nearest Duration 
Method. 

(22). (iii) and (iv). JOINT LIFE AND CONTINGENT SURVIVORSHIP 

Assurances. — These cases were also dealt with by the Nearest 
Duration Method. 

(23). In the actual manipulation of all these cases, the system 
of stamping the duration upon the cards was carried out as follows : — 
The curtate duration was in each case stamped upon the card, and 
the card was thereafter marked (a) or (b), according as the case 
was to be deducted from the exposed to risk at the commencement, 
or close, of the current year of assurance. 

(24). (v). Miscellaneous Cases. — Where cases reported as 
mode of exit "T" arose specially in the Whole-Life Assurance Class, 
they were treated as Withdrawals, and sorted into the four groups 
there employed {see § (6) above). 

(25). Defective data as to Exit. — In the few cases where the 
data as to Exit (whether by Death, Withdrawal, or Termination) were 
defective, it was found necessary, in order to determine the period of 
exposure for purposes of tabulation, to make certain assumptions, 
which, with the methods followed in carrying them into effect, are 
fully set out in Appendix O. The aggregate number of cases thus 
dealt with did not exceed about one-half per cent, of the total 
number of cases under observation. 

IV. AS TO THE PRINCIPLES AND METHODS ADOPTED IN 

THE TREATMENT OF DUPLICATES. 

(26). The general methods of dealing with the cases where more 
than one policy subsisted, in any class of assurance, upon the same 
life, during the period of observation, can best be described under the 
two separate headings — Collocation of Duplicates — which relates 
to the steps taken in order to bring together the several cards 
relating to the same person ; — and Elimination of Duplicates — 
which relates to the methods adopted in discriminating the Table or 
Tables to which the respective cards were required to contribute 
their data. 

(27). Collocation of Duplicates. — It was found, by a 
preliminary investigation, that a general alphabetical arrangement of 
the names of the lives recorded on the cards would not be the most 
suitable and efficient for the bringing together of cards relating to the 
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same life. This arose partly from the large volume of the data, the 
Whole- Life Male Assurance Experience being recorded on upwards 
of 800,000 cards, contained in about 400 boxes. Slight variations of 
spelling in the names would, in so large a volume of data, frequently 
escape attention ; " Lydgate," for instance, being in a different box from 
** Lidgate," and separated from it by a large number of cards. It was 
also found that, apart from varieties of spelling, cases of compound 
or alternative surnames (especially among the Peerage) were frequently 
met with ; and these again could not be detected in a purely 
alphabetical arrangement. The method adopted proceeded by an 
arrangement of the cards according to date of birth, in strictly 
chronological order ; and, after bringing together all duplicates thus 
detected, and setting aside doubtful cases for further examination, the 
cards in each year of birth were then sorted according to alphabetical 
order of name, and again examined for duplicates and doubtful 
duplicates. Full details of the methods followed in each of these 
processes of examination, and in dealing with cases of defective data 
as to birth, as well as the additional steps taken to detect duplicates 
in the case of Female lives, are set out in Appendix P. 

(28). Elimination of Duplicates. — Having, by means of the 
various processes detailed under the heading *' Collocation of 
Duplicates," brought together all the cards under each separate class 
of assurance relating to the same life, it still remained to select the 
card or cards the experience recorded on which was required (a) for 
Select Tables, (b) for Aggregate Tables. In view of the many 
complexities which must evidently have arisen in carrying out this 
process of selection in such a way as to obtain independently (should 
they be required) — 

(a) Tables setting out the separate experience of 

(1) Participating assurances effected before 1863, but not 
coming under observation until their anniversary in 
that year (Old P) ; 
(ii) Non -participating assurances effected before 1863 

(Old N) ; 
(iii) Participating assurances effected since 1862, and coming 

under observation from their inception (New P) ; 
(iv) Non - Participating assurances effected since 1862 
(New N) ; 
as well as — 

(^) Tables setting forth the experience of two or more of these 
sections combined ;— 
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the Joint Committee decided that duplicates should be eliminated 
within each of the four several sections upon the following principles: — 

(a) Select Tables. — One card only was selected to represent 

the experience of each life in respect of each " Age at date 
of assurance.*' 

(b) Aggregate Tables.— One or more cards were selected and 

dealt with in such a manner that each life was represented 
by only one card in respect of the period of risk recorded 
thereon, without regard to the " Age at date of assurance." 

It was, however, decided that, in forming any combination of the 
four sections, such as " Old " assurances — Participating and Non- 
participating combined ; Participating assurances — "Old" and "New**; 
Participating and Non-participating assurances — '*01d" and "New"; 
the data for the component sections should be combined, without 
regard to the fact that certain of the lives might be then represented 
by concurrent periods of risk (with the duplicate records of death 
appertaining) derived from the several component sections in which 
such lives were included. 

(29). The process of denoting how each card on the same life 
was to be employed in compiling the data, was that of distinctly 
marking each of the cards as follows : — 

" S A " where the risk recorded on the card was required for the 
construction of both Select and Aggregate Tables ; 

" S " where the risk recorded on the card was required for Select 
Tables only^ the period of risk being wholly duplicated by 
that already covered by other cards marked for use in the 
Aggregate Table ; 

" X " where the card was not required for either Select or Aggregate 
TableSy there being already another card at the same age 
at entry. 

The cards representing unduplicated risks were unmarked ; and these 
contributed their experience uniformly to both Select and Aggregate 
Tables. 

(30). Special Treatment of Partially Duplicated Risks. 

In dealing with risks which overlapped, a plan hitherto adopted, in 
the construction of Aggregate Tables, has been to bring together the 
cards in an envelope, and record thereon the earliest date of entry, 
and the latest date and mode of exit. In lieu of this, the following 
plan was adopted. Each of the cards forming the risk was retained. 
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and each of the later cards (/.^., all but the first) was marked with 
a " commencing duration," representing its nearest integral duration 
at the date when it came under independent observation, that is, at 
the date of exit of the immediately preceding case which was 
withdrawn during its currency. 

(31). These cards were further stamped — the first case, "PD," 
and the remainder, — being those which bore the additional record of 
"commencing duration, — "PZ>." The cards marked "PD" were then 
employed in exactly the same manner as those marked "S A," and the 
unmarked cards representing unduplicated risks, these all con- 
tributing their experience uniformly to both Select and Aggregate 
Tables, either from the policy anniversary in 1863 (if "Old" 
assurances) or from the date of assurance (if " New " assurances). 
The cards marked " PZ?," however, while contributing their experience 
to Select Tables in precisely the same manner as above, contributed 
their experience to Aggregate Tables from the date of the 
"commencing duration" recorded thereon, that is from the date 
at which they came under independent observation ; so that, in 
compiling the Aggregate Tables for the purposes of computing the 
numbers passing out of observation at each age and duration,. each 
such card was employed in a similar manner to that of the cards 
marked " S A " ; but, in computing the number of entrants under 
observation at each age and duration, the group in which such card 
was to be included was determined from the " commencing duration " 
marked thereon. 

(32). This method of dealing with the cards had several specific 
advantages, (i) The labour involved in stamping the " commencing 
duration " was much less than that which would have been required 
to write up a fresh set of cards or envelopes embodying the complete 
period of risk, — especially as the original cards would still have been 
required in the formation of the Select Tables, whilst the fresh set of 
records would have had to be substituted in the Aggregate Tables, 
(ii) The method of compilation being by policy years, the particular 
incidence of the withdrawals (to meet which an appropriate method 
of treatment had been adopted) would have been disturbed, if the 
policy year current at exit had been reckoned, not from the date of 
the assurance last effected, but from the commencement of the period 
of continuous risk, (iii) As it was desired, later on, to construct a 
Table, or a series of Tables, from which the data in respect of certain 
of the earlier years of assurance should be excluded, and as the number 
of years to be so excluded could not at the outset be determined, it 
was considered preferable to adopt a system by which every portion 
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of the whole period of risk recorded was absolutely and rigidly 
included within the year of assurance of the policy under which 
it was observed. 

(33). In regard to this last point, the following explanation in 
detail may be of interest In the combined-risk card, the true 
duration of each component risk (reckoned from entry) becomes 
merged, as it were, in one continuous period, and cannot be afterwards 
separately identified. Thus, to take a simple case, let two policies 
be effected by the same life, one at age 45, the other at age 50, the 
former policy being allowed to lapse after seven years' duration (or 
at age 52), while the latter policy is under observation until age 58. 
This may be set out graphically as follows : — 

12 3 4 5 6 7 

[45]- •#••••••# * * #——#—# 

12 846678 
[50] ••# * * * » #-^— #^— # 

Here the period during which selection is considered to be in 
operation (assumed in this example to be five years) is indicated by 
dotted lines, and the subsequent " non-select " period by continuous 
lines. The figures in square brackets show the ages at selection, and 
the small figures, the years of assurance passed through in respect of 
each policy. If a combined-risk card were prepared in this case, the 
risk would be treated as a continuous one running from age 45 to 
age 58, and the case would be tabulated in all respects as if the risk 
were upon a single policy effected at age 45, and under observation 
for 1 3 consecutive years of duration ; and, if the first five years of 
risk were then excluded from this combined-risk card, the period 
remaining, from age 50 to 58, would be tabulated as the experience 
to be included in the non-select Table. But this latter period 
includes three years (from age 52 to 55) during which the life was, 
under the second policy (then alone in force), still within the period of 
selection. These years of risk do not appear to be properly included 
in the non-select Table, for if each constituent policy were separately 
" truncated," the whole of the experience marked in dotted lines 
would be excluded, and two portions of risk only would remain, 
one, under the first policy, running from 50 to 52, the other, under 
the second policy, running from 55 to 58. 

(34). The above is typical of cases which very frequently arose in 
the experience. Another case might' be taken, of a less common, but 
by no means impossible, type, to illustrate the point now under 
consideration. Let successive policies be taken out by the same life, 
at ages 40, 42 44, 46, 48 and 50 ; and let each of these policies be 
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allowed to lapse after four years' duration. This may be graphically 
shown as under : — 

12 3 4 

[40]"# * # # 

12 8 4 

[42] ••* # * * 

12 3 4 

[44] ••# * * * 

12 8 4 

[46] ••* * * # 

12 3 4 

[48] ••* * * # 

12 3 4 

[60] ••* # * * 

A combined-risk card in the usual form would set this out as a 
continuous risk from age 40 to 54, similar to that of a single policy 
passing through 14 consecutive years from entry ; and, if the first 
five years' experience were then excluded, the assumed non-select 
risk would extend over the nine years from age 45 to 54. But the 
life never at any time passed into the non-select period, none of the 
policies having exceeded four years' duration ; and it seems certain 
that no portion of the observed risk under these six policies should be 
included in the non-select Table. 

(35). Thus, if successive partially-duplicated risks upon the same 
life are treated as continuous risks (by the employment of 
combined-risk cards or otherwise), and the select period be excluded 
from such continuous risks, as if in respect of single policies, it would 
appear that, in a large number of cases, the experience of the select 
period which it is desired to exclude will not in fact be excluded ; and 
this must surely tend to affect the accuracy of the resulting 
truncated Table. In fact, in such case, the first selection is alone 
dealt with, any subsequent fresh selections, during the currency of 
the continuous risk, being altogether ignored. But the principle of 
first selection cannot even be said to be consistently followed out ; 
for if, subsequently to the termination of the continuous period of 
risk, there were (after an interval) an independent period of risk upon 
the same life, — as, for instance, if in either of the examples previously 
cited, the life were also under observation from age 60 to 75, — the 
first five years of this independent period (being set out on a distinct 
card) would be excluded from the non-select experience ; so that a 
later .selection would in that case be taken into account. The 
difficulty of providing for the exclusion of the data in respect of the 
early period of selection might perhaps have been met by some 
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modification of the combined-risk card ; but this does not seem 
to be practicable where, as in the present case, the term of years 
so to be excluded — whether extending over 5, 7, or lo years, or some 
other term — could not be definitely determined at the outset. 

(36). By the method of "commencing durations" actually 
adopted, in lieu of a combined-risk card or envelope, setting forth (in 
the first of the examples above cited) a continuous period of risk from 
^gc 45 to age 58, the constituent cards would both be employed, the 
first setting forth the period of risk from age 45 to age 52, while the 
second would be specially marked to indicate that the risk, originally 
entered upon at age 50, did not come under independent observation 
until the end of its second year of duration (or at age 52), and was 
then continued till age 58. This was effected by marking the second 
card distinctively with a " commencing duration " of 2 years. In the 
second example, in lieu of a combined-risk card setting forth a 
continuous period of risk from age 40 to age 54, the six constituent 
cards would all be employed, setting forth the successive periods of 
risk as under :^ 

Table IV. 



No. 


Age at 
Entry. 


Commencing 


Terminating 


Duration. 


Age. 


Duration. 


Age. 


(0 

(2) 
(3) 
(4) 

(5) 
(6) 


40 

42 

44 
46 

48 
50 




2 
2 
2 
2 
2 


(40) 

(44) 
(46) 
(48) 
(50) 
(52) 


4 . 

4 

4 

4 

4 

4 


(44) 
(46) 
(48) 
(50) 
(52) 
(54) 



the special points of " commencing duration " being distinctively 
marked upon the cards (2) to (5) inclusive. The ages printed above in 
round brackets would not be recorded upon the cards, but are included 
in the above example to show how the continuous period of risk from 
age 40 to age 54 is "built up," as it were, by the constituent cards, 
each representing a partial risk. The " terminating durations " are 
simply the durations at exit of the individual policies upon the life, 
recorded in ordinary course upon the cards. It will be observed that 
this plan proceeds upon the principle of building up the continuous 
term of risk by the inclusion of each of its several component parts, 
with the great advantage that what may be termed the "articulation" 
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of the cases is directly under observation, as each constituent policy 
enters into the experience at a recorded point in its own history, 
instead of being artificially merged (as in the combined-risk card or 
envelope) with other policies of different durations. By this means, 
it is quite easy to provide from the outset with equal accuracy, both 
for the exclusion of the first / years of experience following the 
date of selection (whatever value may ultimately be given to /) in 
respect of every individual policy entering into the experience, and 
also for the elimination of duplicates in the truncated or non-select 
Table, arising from such modification of the experience. 

(37). Example illustrating Wholly Duplicated Risks. 

In Table V is given a typical example of the general principles 
of the distinctive markings employed in wholly duplicated cases, in 
respect of four policies effected on the same life and in the same 
section (Whole-Life Participating "Old" Assurances). The life in 
question, bom on 7th August, 1826, took out four several policies 
at nearest ages 23, 29, 29, and 34, the first three of which were 
current till death on 29th February, 1888, whilst the fourth was 
withdrawn on 31st December, 1864, after an exposure (within the 
period of observation) of i year and 3 months only. Of the four 
cards relating to this life, the first {a) would be marked " S A," since 
the period of risk it represents covers the whole period for which the 
life was exposed in both Select and Aggregate Tables. The second 
card {d) and the third (^ would be marked " S,'^ since they represent 
periods of risk which enter into the Select Tables at different entry 
ages, but are already represented in the Aggegate Tables by card (a). 
Finally, the card (4), which represents a period of risk duplicated 
by the periods of risk of the other cards in both Select and Aggregate 
Tables, would be marked "X,"for exclusion from both Tables. 

(38). Example illustrating Partially Duplicated Risks. 

In the case of partially duplicated risks, a similar practical illustration 
will perhaps make the actual method more readily intelligible. 
In Table VI are set out particulars of four policies effected in 
the Whole-Life Participating "New" Section upon the same life. The 
first (a), effected at nearest age 20, withdrew, after seven years* 
duration ; the second (^), effected at nearest age 22, withdrew after 
four years ; the third (^), effected at nearest age 25, withdrew after eight 
years; and the fourth (d), effected at nearest age 31, passed out of 
observation by later death. The card {6) would in the first place 
be marked " S " for inclusion in the Select experience, but as the 
period of risk under this case is entirely covered by that represented 
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Table V. 

DISTINCTIVE MARKING OF DUPLICATES. 

"WHOLLY DUPLICATED RISKS." 



S. ^. Old Foi 

NO.. *^« 


Hcies. 
£J.?P.,... 

-IT OR 1 


N^") 


CLASS.?. PROF 


MOT/P-. 


C Latimer, 




LIFE \ 

y Darsie. 


DATE- D. M. 
OF BIRTH ..?. .?.. 


TEAR. 

18.».?... 
18f.?... 
189.?.... 
18.?.?... 


+ 


OF ENTRY. ..f .^.... 


I11I86S ~ 


OF EXIT .?.?. ?.... 






13 




Duration of Policy 


88 






Ace at Entry 


23 




Ase in 1863 


Aflffl at Exit . T 








MODE OF EXIT ( D. ) 


REMARKS. 



(Select and Aggregate Tables,) 



X OM Poi 

NO. .?^?? 


Hcies, 
£.???..... 

nT OR ] 


\(P) 


CLASS..? PROI 


NOT P' .... 


C Latimer, 




LIFE- 

1 Dame, 


DATE— D. M. 
OF BIRTH " 


TEAR. 




OF ENTRY ..?. ?.... 


18?..?... 
18?.?... 
18?.?... 


In 1863 TT. 


OF EXIT ."? ?.... 




Doration before 1868 






Duration of Policy 








Acre at Entrv 


29 




Aiire in 1863 - 




AflPfi fit Sxit . 








MODE OF EXIT ( D. ) 1 


REMARKS. 

Age at Entry next 


Birthdc 


py, 29. 



(Excluded from all Tables.) 



S. 0/d Po. 

NO. ^^ 


Ucies. 

£.m... 

?ITOR 


N^ 


) 


CLASS.? PROI 


NOT..?.-. 




f Latimer, 


- 


1 


LIFE- 

Darsie. 




• «..••••••• 




DATE— D. M. 
OF BIRTH ...?. ?... 


YEAR. 

18?.?.... 
18?.?... 
18?.?... 
18.?.?... 






OF ENTRY..??. ?.. 




In 1863 .T. 




OF EXIT .?.t ?.... 






Duration Iwfore 1863 ...^.. 
Duration of Policy 


8 
32 










Age at Entry . 


29 




1 


Age in 1868 




Age at Exit . 










MODE OF EXIT ( D. ) 




REMARKS. 


(Select Tables only.) 


1 


S. Old Policies. \m 

NO. ^^^^ X ^00 X 


CLASS..?. PROFIT OR NOT P- 1 




C Latimer, 






LIFE- ' 

Darsie. 
\ 




DATE— D. V. 
OF BIRTH ...?. ?... 


YEAR. 

18?..?... 
18?.?... 
18?..?... 
18?.^... 






OF ENTRY. .?.^ .?... 




In 1868 TT. 




OF EXIT -.??.....™.. 








Duration before 1868 


s 






r4^ 
Duration of Policy ...)..{.... 


4 










• 

Afire at Entry . 


34 






Afire in 1868 . t - 






Afire at Exit 












MODE OF EXIT ( W. ) 




REMARKS. 





(Select Tables only.) 



Note.— The duration (4) marked on card (d) indicates that the case is to be included in the group of Withdravala 
W (4), the fractional exposure in the policy-year of exit lying between 2 and 6 months. 
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Table VI. 

DISTINCTIVE MARKING OF DUPLICATES. 

"PARTIALLY DUPLICATED RISKS." 



p. D. New Poi 

NO. "«' 


Hcies, 

£..m.... 

nT OR ] 


V«) 


CLASS 9.. PROI 


MOT..?-. 


r Goldsmith, 




LIFE - 

y Oliver, W. 




DATE— D. M. 
OF BIRTH ./^ ?... 


YEAR. 

189.9.... 
18.19... 
187.7... 




OF ENTRY...?. ?.... 


OF EXIT ..P.- '!.... 




Duration of Policy . . . .( . .L . 


7 








Afire at Bntrv - 


20 




Atre at Exit 








MODE OF EXIT ( W, ) 


REMARKS. 



{Select and Aggregate Table*— from Entrg.) 



S. New Policies. \(*) 
NO...«?57 £m X 

CLASS.?. PROFIT OR NOT.?- .. 1 


( Goldsmith, 




LIFE- 

[_OUver,jy. 


DATE— D. M. 
OF BIRTH ..^ ^ 


. YEAR. 

18.9.9.. 
187.*.. 
187.9... 




OF ENTRY .?" .".. 


OF EXIT .f?.....^?... 




Duration of Policy ...?.?^.... 


4 








Ase at Entry 


22 




AeeatEzit 








MODE OF EXIT ( W, ) 


REMARKS. 
9Zl 



{Select Tables only— from Entry.) 



P, D, New Policies. 
NO. ^om r 100 


"V") 


CLASS.?. PROFIT OR NOT.?; 

C Goldsmith, 


LIFE- 

Oliver, W. 




DATE— D. M. 
OF BIRTH .. ^ ?.... 


YEAR. 

189.L 
187..L. 
18.?.'.. 




OF ENTRY...? ?... 


OF EXIT ..?^. 9.... 




Duration of Policy ....:?.!.... 


8 


A,..* 








Afire at Entry . 


25 




Afire at Exit 








MODE OF EXIT ( jV. ) 


REMARKS. 
9Zl 



(Select Tables from JSntry. — 
Aggregate from Duration 2.) 



A D, New Policies. ^ 
NO. ^ItS^ -fl ^^ 


sw 


CLASS.? PROFIT OR NOT ^• 




( Goldsmith, 






LIFE - 

\ Oliver, W. 


DATE- D. M. 
OF BIRTH ...» 9... 


YEAR. 

18.9.9... 

18?.9... 

18?.?... 


— 


OF ENTRY.. ??..... f?... 


OF EXIT ...7. ?... 




Duration of Policy 


11 


A...?. 








Afire at Entry . 


31 






Afire at Exit 










MODE OF EXIT ( D. ) 


REMARKS. 
9Zl 



{Select Tables from Entry. — 
Aggregate from JDwration 3.) 



Nora.— The durations (1), (7), and (10), marked on cards (a), (c), and (Jj) respectively, indicate that the cases are 
to be included in the groups of Withdrawals, W (1), W (7), and W (10), the fractional exposures in the policy-year r ' 
exit Dftlling within the periods 0—2 months, 6—8 months, and 8—12 months respectively. 
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by the card {a\ the card (b) would for the moment be set aside, and 
the series of partially duplicated risks upon the life would be made up 
of the cards {a\ [c) and (</). The card (^), representing the earliest 
entrant, would be marked " P D," and each of the cards {c) and {d) 
" PZ?," while the two latter cards would also respectively be marked 
"A... 2..." and "A... 3...," to indicate the points of nearest duration 
from entry at which they came under independent observation, as 
distinct risks, in the data for Aggregate Tables. Each of the cards 
{a)y {b)y {c) and (rf), would enter into the Select Tables for the full 
term during which they were respectively under observation; but, for 
purposes of the Aggregate Tables, the first case {a) would be represented 
for the whole currency of its risk from age 20 to 27 ; the case {b) would 
be excluded entirely from the Aggregate Tables ; the case {c) would 
contribute its experience from the expiration of its second year of 
duration (or from age 27) up to its withdrawal at age 34 ; and the 
case {d) would contribute its experience from the expiration of its 
third year of duration (or from age 34) until terminated by death. 
The continuous term or risk from age 20 to 27, under case (a) ; from 
age 27 to 34, under case {c) ; and from age 34 to the end of life, under 
case (d) ; would thus be correctly represented by the combination of 
these three constituent cards. 

(39). The detailed Rules employed in the practical work of 
distinctively marking the cards representing duplicates are set out in 
Appendix Q. These will be found precisely to give effect to the 
principles enunciated above for the elimination of duplicates, and for 
the recording of partially duplicated risks. 

V. AS TO THE METHODS ADOPTED IN THE TABULATION OF 

THE DATA. 

(40). After the process of the elimination of duplicates, the cards 
representing Whole-Life Assurances (Male Lives) were sorted into 
the following three groups : — 

" S and A " Group. Cards required for both Select and Aggregate 
Tables, comprising : (1) Unmarked cards, representing unduplicated 
risks ; (ii) Cards marked " S A"; (iii) Cards marked " P D "—all of 
which came under observation without any modification as to the 
commencement of the period of risk. 

iipj) " Group. Cards so marked, which entered into the data for 
Select Tables from the commencement of the period of observation, 
but, for Aggregate Tables, from the " commencing duration " specially 
recorded upon the card. 

" S " Group. Cards so marked, and required for Select Tables only. 



Old Assurances < ^^ 
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(41). The cards in each of these three groups were then divided 
and further sub-divided 

(i) according to Section : — 

T., . f" New P," With Profits ; 

New Assurances^ ' ' 

\" New N," Without Profits ; 
Old P," With Profits ; 
Old N," Without Profits. 

(ii) according to Mode of Exit : — 

{6) Death; 
(e) Existing ; 

(w) Withdrawal ; this latter group being again sub-divided 
according to the fractional duration recorded on the card : — 

W(i) Duration 0—2 months (average, i month) ; 
W(4) „ 2-6 „ ( „ 4 months) 

W(7) „ 6-8 „( „ 7 » ) 

W(io) „ 8-12 „ ( „ 10 „ ) 

(iii) according to Age at Entry ; 

(iv) according to the integral Duration at Exit as marked on the 
cards, that is, for Existing cases the exact duration, for Deaths 
and Withdrawals the curtate duration. 

The cards representing Endowment Assurances, Male Lives, and 
those for Female Lives in the two main classes of Assurance, were 
similarly classified. 

(42). Enumerating Cards. Emergents. — The numbers in 
each of the packets finally arrived at were then counted, and recorded 
as Emergents on "Enumerating cards" of the form given in Table VII. 
Each of these Enumerating cards presented, in a concise form, 
a record of the number of cases passing out of observation in ten, 
or eleven, successive years of duration, in respect of the particular 
class of assurance, group for tabulation, age at entry, and mode of 
exit, specified on the heading of the card. By the employment of 
these cards the original data for Whole-Life Assurances, recorded 
on 735,079 cards (not counting those excluded for various reasons), 
were reduced to 12,950 Enumerating cards for subsequent use ; whilst 
the original 140,414 cards, in the class of Endowment Assurances, 
were similarly collected on 4,500 Enumerating cards. To prevent the 
possibility of any of these cards being lost or overlooked, they were 
numbered consecutively at foot by an automatic numerator, and a 
record kept. 
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Table VII. 



ENUMERATING CARDS. 



Emergents. 



Entrants. 



MALES. 

CLASS 0. Age at *) 88 

3ff£htP ^'^^''^^ 

S.&A. ^''' ^ 


Duration 


Number. 




Initials. 


InUiaU. 


10. 










1. 










2. 










3. 










4. 










6. 










6. 










7. 










8. 










19. 










0. 










11203 



MALES. 

CLASS 0. Age at ] 47 

fm p ^"''^^ 

■■ Mode of \ W(l) 
Q Exit ) 


Duratiott 


Number. 




Initials. 


Initials. 


20. 










1. 


• 








2. 










3. 










4. 










6. 










6. 










7. 










8. 










29. 










0. 










1310 



Similar cards were employed, in the Whole-Life and Endowment Assurance 
Classes, for each of the following Sections : — Old P, New P, Old N, New N; 
for the following groups (for tabulation of Select and Aggregate Tables) 
in each Section : — S and A, S, FJ?-, and for the following cases of Emergents 
in each group : — 

Withdrawal. Terminations. 

Death. W(i), W(4>, W(7), W(io). Existing. V'\ VK 

The cards marked T'"^ gave particulars of the cases of Termination 
whose tabular exposures ended at the commencement of the year of 
assurance current at exit. Those marked T<*^ recorded the particulars of 
the cases whose tabular exposures extended to the end of the year of 
assurance current at exit. 

The Entrants, in respect of Old Assurances, came under observation at 
the recorded durations in 1863; and in respect of New Assurances, from 
original entry (Duration o) ; excepting only for Old and New cases in the 
group PD, when employed in the construction of Aggregate Tables, which 
came under observation from the "commencing duration" as marked upon 
the original data card after the letter A.... 
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Table VIII, 



ABSTRACT OF DATA CARDS.— Emergents. 



M 



ASSURANCE DATA 1863-1893 


M 


AsyuHng 
Age 




CLASS O 


Duration 




Withdrawals. N 


Age 
attained 




(1) 


(4) 


(7) 


(10) 


S.^'Ji. 


Old 

New 
O.dtN. 


































P.O. 


Old 

New 
O.dtN. 


































Aggregate 
Tables 


Old 

New 

O.dtN. 


































S. 


Old 

New 
O.dtN. 


































SeUct 
TaXfles 


Old 

New 

O.dtN. 


































Durations 0-29. 



ASSURANCE DATA 1863-1893 


M 


Assuring 
Age 




CLASS O 


Duration 




Withdrawals (w(a)). 


Age 
attained 




P 


N 


P+N 


s.^^. 


Old 

New 
O.dtN. 


























P.D. 


Old 

New 
O.dtN. 


























Aggregate 
Tables 


Old 

New 

O.dtN. 




















S. 


Old 

'New 
O.dtN. 


























SeUct 
Tables 


Old 

New 

O.dtN, 


























1 



w 



Type (a). — These cards were employed for the first record, from the 
Enumerating cards, of the cases of Withdrawal, in the class of Whole-Life 
Non-Participating Assurances, Male Lives, O N(M); and from these cards the 
Schedules of Withdrawals were entered up. Similar cards were employed in 
the class O P, both for Males and Females ; also in classes E P, EN. 

Type {b). — Upon cards of this form were recorded the particulars of the 
cases of Withdrawal whose tabular exposures terminated at the commencement 
of the year of assurance current at exit, W^"^, as deduced from the Schedules 
of Withdrawals. Similar cards, marked W^*^, were employed for the record 
of the cases whose tabular exposures extended to the end of the year of 
assurance current at exit. 

Cards similar to type {b) above, but with headings suitably modified, were 
employed for the record of the cases of Death {&) and Existing (c); also, in 
the class of Endowment Assurances, for the Terminations referred to the 
beginning, T^'*^, and to the end, T'*^, of the policy year current at exit. 

The cards containing the record of cases whose exposures terminated 
at the commencement of the policy year, were printed in a different 
colour from those containing the record of cases whose exposures terminated 
at the end of the policy year, 
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(43). Entrants. — After the first counting, as Emergents, had 
thus been completed and verified, it was necessary to recount the cards 
as Entrants^ for the purpose of recording the numbers which came 
under observation at each particular duration. They were therefore 
arranged according to duration at Entry under observation, in place 
of duration at Exit. The duration at entry under observation is as 
follows in the various groups : — 



Form op 
Tabulation. 



Select 
Tables. 



Aggregate 
Tables. 



L 



Group for 
Tabulation. 




{ 



S and A. 
PD. 



"Old" Assurances. 



The Duration in 1863, 

the commencement 

of the period of 

observation, as 

recorded upon the 

cards. 



"New" Assurances. 



Duration o, 

the cases being 

under observation 

from the original 

date of entry. 



The "commencing Duration," specially 
marked on the card after the letter A... 



It will thus be seen that the cards included in the "-PZ? '* group had to 
be counted and recorded twice, once as Entrants for the purpose of 
Select Tables, from Duration o (New), or Duration in 1863, (Old) ; and 
again as Entrants for the purpose of Aggregate Tables, from the 
specially recorded "commencing Duration." The numbers Entered 
were then recorded on a further set of Enumerating cards specially 
marked " Entrants,^' and similarly classified to those employed for the 
record of the Emergents. A specimen of the Enumerating cards thus 
employed is given in Table VII. As a supplementary check upon the 
whole process of counting, the number of cases in each sub-division 
entering under observation at a given age at entry, and at all durations 
at entry, as recorded on the Enumerating cards for Entrants, was 
compared with the number of cases passing out of observation under 
the same age at entry, at all durations at exit, as recorded on the 
Enumerating cards for Emergents, these numbers being, of necessity, 
equal. 

(44). Abstract of Data Cards. — Having now obtained the 
data in a small compass, it was necessary to bring together those 
portions which pertained to Select Tables, and those which pertained 
to Aggregate Tables. For this purpose, a distinct set of cards, 
designated "Abstract of Data" cards, was used. Specimens of the 
type of cards employed for the record of Emergents, are given in 
Table VIII. 

(45). Withdrawals. — Considering first the data for With- 
drawals, these were transferred from the corresponding Enumerating 
cards to Abstract of Data cards of the form {a\ Table VIII, which 
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included, for any class of assurance, and in respect of a particular age 
at entry and duration at exit, the whole of the data required for the 
tabulation of the withdrawals, whether in the form of Select or of 
Aggregate Tables. The addition of the items recorded upon the 
cards under the headings " S and A " and " PDy' gave the data for 
Aggregate Tables, and the addition to these of those recorded under 

the heading " S," gave the data for Select Tables. From these cards, 

• 

Schedules showing the distribution of withdrawals were entered up in 
the form shown in Table III (p. 45), and the fractional exposure 
calculated, for durations o to 29 inclusive, in accordance with the 
Modified Nearest Duration Method, as already explained in §§ (12) to 
(14), supra. A practical example of the calculation is given in the 
Schedule, illustrating the method and data employed for the purpose 
of Select Tables. For Aggregate Tables, a Schedule similar in form 
was employed, but with the heading "Age Attained=[.r] + ^" (where 
;r=the Age at Assurance, and / the curtate duration at exit) instead 
of "Age at Assurance = [;ir]." Column (10) of the Schedules of 
withdrawals furnished the values of W[*]+/, the number of withdrawals 
which are given no tabular exposure in the year of exit, and Column 
(9) the values of W[?]+/> ^^ number of withdrawals which are given a 
full year's exposure in the year of exit (^^., the number which 
represents the computed aggregate exposure of the whole body), for 
all values of x^ and for values of t from o to 29 inclusive, both for 
Select and Aggregate Tables, and these numbers were entered up on 
Abstract of Data cards of the form (^), Table VIII, on the lines 
"Select Tables" or "Aggregate Tables." For durations 30 and upwards 
(which occur only in "Old" Assurances) the Nearest Duration Method, 
as ordinarily applied, was employed, as the numbers were relatively 
insignificant at these older durations ; and it was found unnecessary 
to enter up the cases in Abstract of Data cards of the form (a), 
or in schedules of withdrawals. The sum of the numbers for W(i) 
and W(4) at any age at entry, and at each duration exceeding 2^^ 
were transferred directly from the Enumerating cards to Abstract 
of Data cards of the type {b\ and represented the value of W<*\ 
the cases of withdrawal falling in the first half of the year ; whilst 
the sum of the numbers for W(7) and W(io), similarly transferred, 
represented the value of W^^^, the cases of withdrawal falling in the 
second half of the year. 

(46). Deaths, and Existing. — For the data in respect of 
Deaths and Existing, Abstract of Data cards similar in form to 
type {b)y Table VIII were employed, and were entered up directly 
from the Enumerating cards, 
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(47). Terminations, Endowment Assurances. — These 

cases were entered up directly from the Enumerating cards, upon 
Abstract of Data cards of the type {b\ Table VIII, headed T(«) 
and T(*\ according as the termination took effect (for tabular purposes) 
at the beginning or at the end of the policy-year current at exit. 
The complete data as to Emergents, whether by Withdrawal, Death, 
Existing, or Termination, were thus recorded upon cards of this 
type, both for Select and Aggregate Tables. 

(48). Abstract of Data Cards, Entrants.— The next step 
was to obtain a record, in a form convenient for tabulation, of the 
Entrants. The duration at entry under observation being as set 
forth in the tabular statement in paragraph (43) suprUy it will be seen 
that four several types of card were required for the record of the 
Entrants. These are set out in Tables IX and X and include 
cards for the tabulation of Entrants for Select Tables, (c) " Old " 
Assurances (Durations i and upwards), {d) "New" Assurances 
(Duration . o) ; and cards for the tabulation of Entrants for 
Aggregate Tables, {e) entering under observation at a date later 
than that of original assurance (Durations i and upwards), (/) 
entering under observation from the date of original assurance 
(Duration o). 

(49). The above system of cards for recording the data proved 
to be convenient and rapid in working, as any desired combinations 
of data could easily be made. It was also intended that the cards 
should form a permanent record of the experience, in such manner that 
future investigators would be enabled to have access to the original 
facts, exhibited in a completely analytical form. 

VI.— AS TO THE FORMULAE AND METHODS ADOPTED IN 
DEDUCING THE NUMBERS EXPOSED TO RISK. 

(50). Select Tables. — From the Abstract of Data cards, 
completed as above, the appropriate data were transferred to 
Working Sheets for the computation of the Numbers Exposed to 
Risk, the form employed for Select Tables being that given in 
Table XI (p. 70). The specimen there selected relates to the class 
of Endowment Assurances, as in the tabulation of that class, two 
additional columns (6) and (7) are provided for the record of 
Terminations ; but, with this exception, the form adopted for Whole- 
Life Assurances was identical with the specimen here given. 

(51). The formulae and methods employed for the computation 
of the numbers Exposed to Risk for Select Tables will, it is hoped, 
be clearly seen upon reference to the specimen Working Sheet given 
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in Table XI ; they are, however, here fully set out for convenient 
reference :— 

Let [;ir] = the tabular age at entry ; 

/=the tabular duration, or number of years elapsed 
since entry ; 

o-[^j^^=the Entrants* coming under observation upon the 
/th policy anniversary dating from entry; 

^[^j+^=the Deaths, having a curtate duration of t years, that 
is, passing out of observation during the currency of 
the (/+ i)th year of assurance ; 

^[;r]+/=the Withdrawals, tabulated as passing out of 
observation after / years from entry ; that is, the sum 
of those at the end of the /th year of assurance, 
W|2]+/-x, and those at the beginning of the (/H-i)th 
year of assurance, W[j]+/ ; 

T[;r]+/=the Terminations, tabulated as passing out of 
observation after ^ years from entry ; that is, the sum 
of those at the end of the /th year of assurance, 
T(^P]+/-x, and those at the beginning of the (/+i)th 
year of assurance, T[^]+/ ; 

€ijc]+t'=thQ cases EXISTING, at the close of the period of 
observation in 1893, upon the /th policy anniversary; 

G[;p]+/=the "net movement" of Entrants and Emergents 
arising at duration / ; 

= <^ix]+f (%]+/- X + '^ixHt + T^[x]+i + ^w+/) ; 
and E[;p]+^= the Number Exposed to Risk in the (/H-i)th year 

of assurance. 
Then we have 

E[:r]+o = 0-[;r]+o-"«'[;r]+o=G[j.]+o (l) 

for the Number Exposed to Risk in the first year of assurance ; 

= E[;r]+/-x + G[;r]+/ (2) 

for the calculation of successive values by a continued method ; 
and E[;p]+^= 2 (o^w+t— ^w+t— T[;p]+t— e[;p]+T)— 2 0[jc]+r 

= 2 G[^]+T (3) 

T=0 

for the verification of intermediate or final values. 

* The symbol c was employed because the corresponding cases in the Annuity Experience were, in the 
first instance, tabulated as "Number Smrviving on policy anniversary." 
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Table IX. 



ABSTRACT OF DATA CARDS.— Entrants.— Select Tables. 



{') 



ASSURANCE DATA 1863-1893 


M 


Auuring 
Age 




CLASS O 


Duration 




"Old" Assurances. 


Am 
aitavMd 




e 


€ 


W 


Total. 


V Entrants. Select 


s.^^. 


P 

N 

P+N 


































P.D. 


P 

N 

P+N 


































S. 


P 

N 

P+N 


































Tottd 


P 

N 

P+N 




■ 






























Note.— For " Old & New " Assurances the figures 
are the same as above. 



ASSURANCE DATA 1863-1803 


M 


Asturing 
Age 




CLASS O 


DtuxUion 





"New" Assurances. 


Age 
attained 




e 


€ 


10 


Totid 


Entrants. Select 


s.^^. 


p 

N 
P+N 


































P.D. 


P 

N 

P+N 


































S. 


P 

N 

P+N 


































Toua 


P 

N 

P+N 


































Note.— For " Old & New" Assurances the figures 
are the same as above. 



id) 



Types (c) and (i). — Cards of this type were employed for the record of 
the Entrants for Select Tables, according to the policy durations at which 
they entered under observation, separately tabulated as emerging by Death (^), 
Existing (c), or Withdrawal (a/). In the case of cards of the type (<:), " Old " 
Assurances, the commencing duration was that attained on the policy 
anniversary in 1863 \ in the case of cards of the type {d\ "New" Assurances, 
the observations commenced with the original date of the Assurance 
(duration o). 

In the class of Endowment Assurances, the cases of Termination were 
included with the Withdrawals, the column being headed " w and r." 
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Table X. 



ABSTRACT OF DATA CARDS.— Entrants.— Aggregate Tables. 



(e) 



ASSURANCE DATA I863-I89£ 


\ M 


Assuring 
Age 




CLASS O 


Duration 




Entrants. Aggregate. 


Age 
attained 




e 


€ 


W 


Total. 


s.^^. 


Old P 
Old N 

0(P+N) 


























P.D.k 


Old P 

Old N 

0(P+N) 


































"Old** 
Tables 


P 

N 

P+N 


































P.D.k 

"New" 
Tables 


P 

N 

P+N 


































"Old" 

A "New" 

Tables 


P 

N 

P+N 


































1 



ASSURANCE DATA 1863-1893 M 


Assuring 
Age 




CLASS O 


Duration 





Entrants. Aggregate. 


Age 
attained 




6 


€ 


W 


Total. 


s.^5i. 


NbwP 
NbwN 

2yr(P+N) 








• 


























P.D.k 


NewP 
NewN, 

2^(P+N)' 


































"New'' 
Tables 


P 

N 

P+N 


































"Old" 

A "New" 

Taibles 


P 

N 

P+N 


































• 



(/) 



ly^es (e) and (/). — Cards of this type were employed for the record ot 
the Entrants for Aggregate Tables, according to the policy durations at 
which they entered under observation, separately tabulated as emerging by 
Death {d\ Existing (e), or Withdrawal {w). In the class of Endowment 
Assurances, the Terminations were included with the Withdrawals {w and r). 
Cards of the type {e) comprised the record of all cases entering under 
observation at a later policy duration than that of original entry, and included 
" Old " Assurances, coming under observation from the policy anniversary in 
1863, and also cards in the group FD (Old and New Assurances) observed 
from the ** commencing duration " recorded on the original data card. Cards 
of the type (/) comprised " New " Assurances, observed from original entry 
(duration o) ; and also cases in the FD group, whose " commencing duration " 
was o ; that is, cases which, whilst overlapped at their inception by another 
policy on the same life, came under independent observation (on the with- 
drawal of the former case) within the first six months of their duration. 
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(52). The above formulae represent theoretically the full processes 
involved in deducing the numbers exposed to risk ; but, in consequence 
of the limitations of the data, certain terms necessarily vanish in 
practically applying them to the case of Old or New Assurances. 
Thus, in the case of Old Assurances, a-i^]+o9 ^u]+o» and W[j^]+o all 
disappear ; 6[;r]+o is non-existent for both Old and New Assurances ; 
and T[jg]+i does not arise in the class of Whole-Life Assurances, nor, in 
the earlier years of assurance, in the Endowment Assurance class. 
These practical modifications, however, in no way affect the accuracy 
of the several formulae, nor their application to any particular class or 
section of the experience. 

(53). As a practical illustration of the employment of the 
formulae above given, and of the Working Sheet (Table XI), a 
numerical example may be added : — 

= 7,141- 125 = 7>oi6 

T=9 T=8 

E[25]+9= ^(^[a5]+T"-^l25]+T"-Ti25]+T--6[25]+T)— S ^[,5] + ^ 

T=0 T=0 

= 7,141 -(483+ 1,078) -0-4,009- 145 

= 1,426 

l^or E[,5]+5= S G[a5]+^=7,oi6-5,590= 1,426] 

^[25]+ 10 = E[a5]+9 + G[2sJ+ 10 

«= 1,426— 192 =1,234. 

(54). Aggregate l!ables. — The form of Working Sheet 
employed for the calculation of the Numbers Exposed to Risk 
in the construction of Aggregate Tables, given in Table XII, was 
identical in form with that employed for Select Tables, excepting 
only that the heading of the sheet was "Age Attained = \x\ + /," 
instead of " Age at Entry = \x\r It follows that the entrants 
and emergents were scheduled on a given working sheet in respect 
of the constant age attained, in such manner that the data tabulated 
was in respect of all entry ages and durations, the sum of which 
made up such constant age. Thus, for example, upon the working 
sheet headed " Age Attained 40 = [-r] H- /," the data for Aggregate 
Tables would include the cases coming under observation, and 
the cases emerging, at entry age 40 after duration o; at entry 
age 39 after duration i ; and so on, up to and including the 
youngest entry age, in respect of which data was recorded at a 
duration which made up the attained age of 40, The totals of the 
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numbers recorded at all durations at the foot of each working sheet, 
as Entrants, Deaths, Withdrawals, Terminations, and Existing, 
represented the constituents of the Exposed to Risk, so far as related 
to cases coming under observation, or passing out of observation, at 
the age (40), specified at the head of the sheet ; and the " net 
movement " of these total Entrants and Emergents represented the 
increment of the Exposed to Risk, in passing from the next lower 
age, to that age. By transferring, therefore, to Summary Sheets the 
"net movement" in respect of each age attained, and summing 
continuously this net movement from the earliest age, up to and 
including age 40, the Number Exposed to Risk at that age was 
deduced. {See Note to Table XII.) 

(55). The formulae employed for the computation of the Numbers 
Exposed to Risk for Aggregate Tables may be set out as follows : — 

Let;r=the tabular ag^ attained, being the sum of the tabular 
age at entry and the tabular duration ; 
(r;j.=the Entrants, coming under observation at the tabular 
age x\ 

5;r=the Deaths, passing out of observation between tabular 

ages X and {x-^ i) ; 
«/^=the Withdrawals, passing out of observation at the 

tabular age x ; 
T^=the Terminations, passing out of observation at the 

tabular age x ; 
€j.=the cases Existing, at the close of the period of observation 

in 1893, at the tabular age x ; 

each of the above functions being obtained by combining the respective 
cases of Entrants, or Emergents, arising at all entry ages and 
durations, the sum of which makes up the tabular attained age x \ so 
that each function is of the general form 



T=0 



T=Jf 

Thus, for example : — 

and similarly with Cx, Wxy Txy and 5^. 
Also, let 

Gjr = the"net movement" of Entrants and Emergents at the 
tabular age x 

=<r^— (^x-i + w'^irH-T^ + O ; 
and E^=s:the Number Exposed to Risk in the year following the 

tabular age x ; 
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Table XI. 

ENDOWMENT ASSURANCE EXPERIENCE 1863-1883 

SELECT TABLES MALE LIVES 

ABSTRACT OF DATA, with computation of Numbers EXPOSED TO RISK 

CLASS E Afire at Entry 25=W SECTION |[ P 



** ||[eb " Assurances With Pbofits 


Dura- 
tion 


ENTRANTS 


DEATHS 


WITHDRAWALS 


TERMINATIONS 


EXISTING 
IN 1898 


Total 
dcorkhknt 


Net 
Movement 


EXPOSED 

TO 

RISK 


FRACmOMAL 
EXPOSUBB 


Balamcx 


Fraotiomal 

EXPOSXTRS 


Balance 


at Exact 
Duration 

t 


Cartate Duration 


at Exact 
Duration 

t 


(3) + {4) + 
(5) + (6) + 
(7) + (8) 


(2)-(9) 


2^(10) 


^-1 


^-1 


t 


t-\ 


t 


Modifications at Exact Duration t 


(t) 
(1) 


(2) 


(3) 


(4) 


(5) 


(«) 


ma 

(7) 


«£x]+« 
(8) 


+ e 


+ 

(10) 


(11) 





7,141 






125 


■ ' ■ 




— 


125 


7,016 


— 


7,016 


1 
2 
8 

4 
5 
6 
7 
8 
9 
10 


• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 


16 

'17 
20 

25 

13 

15 
20 

14 

5 
7 


147 
123 

74 
38 
22 

30 

19 

19 
II 

5 


431 
190 

104 

68 

56 

34 

31 
22 

17 
10 


• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• tf • 

• • • 

• • • 

• • • 


• • • 

• • • 

• • • 

••• 

• ■ • 

• • • 

• • • 

• • • 

• ■ • 


808 
620 

469 
420 

356 
262 
277 
210 
170 


1,402 
950 

600 

5" 
435 
332 
332 

243 
192 


•• 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 




1,402 

950 

785 
600 

5" 
435 
332 
332 

243 
192 


5,614 
4,664 

3,879 

3,279 
2,768 

2,333 
2,001 

1,669 

1,426 

1,234 
























11 
12 
18 
14 
16 
16 
17 
18 
19 
20 


• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 


4 

4 
6 

6 

4 
7 

3 

2 

3 

• • « 


10 

7 
8 

2 

3 

4 
2 

I 

• • • 

I 


16 

13 

2 

7 
5 

7 

2 

I 
I 

• • • 


• • ■ 

• • • 

• • • 

• • • 

I 

• • • 

• • • 

• • • 

• • • 

• • • 


• • • 

• « • 

• • • 

• • • 

I 

• • • 

• • • 

• • • 

• • • 

• • • 


158 

132 
129 

80 

79 
17 

7i 

68 
46 

39 


188 
156 

145 
95 
93 

95 
78 

72 

50 
40 


• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• ■ 

• • 




188 
156 

145 
95 
93 
95 
78 
72 

50 
40 


1,046 
890 

650 

557 
462 

384 
312 

262 

222 


























21 
22 
28 
24 
26 
26 
27 
28 
29 
80 


• • • 

• • • 

• • • 

• • • 

• • • 

• ■ ■ 

• • • 

• • • 

• • • 

• • • 


2 

3 

I 

3 

2 

I 

• ■ • 

I 

• • 

• • • 


• • • 

I 
•• • 

I 

I 
I 

• • • 

• • • 

• • • 

• * • 


I 

• • • 

• • • 

I 
I 

• • • 

• • • 

• • • 

I 

• • • 


I 

• at 

• • • 

• • • 

5 
3 

• • • 

• •• 

• V • 

I 


• ■ • 

• • • 

• ■ • 

2 
13 

• • • 

• • • 

• • • 

• • ■ 

• • • 


22 
21 
20 

30 
20 
18 
12 

17 
7 
9 


26 

25 
21 

37 
42 

23 
12 

18 

8 

10 


• ■ 

• 1 

• 4 

• 
• 

• 




26 

25 
21 

37 
42 

23 
12 

18 

8 

10 


196 
171 
150 

"3 
71 
48 

3^ 
18 

10 

• • • 




























7,141 


204 


530 


1,146 


zz 

1 


z6 


5,234 


7,141 


7,016 


7,016 


42,226 
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Table XII. 

ENDOWMENT ASSURANCE EXPERIENCE, 1863-18&3 

AGGBEGATE TABLES MALE LIVES 

ABSTRACT OF DATA, with computation of Numhers EXPOSED TO RISK 
CLASS E Agre 40-M + ^ SECTION |[ P 







**3P[jefa*' Assurances 








With Peopits 










WITHDRAWALS 


TERMINATIONS 












EMTKANTS 


DBATUB 








EXISTING 
IN 1893 


Total 
dxcrxioent 


NXT 
MOVXMXNT 


EXPOSED 

TO 

RISK 


Fractional 
bxpoburb 


Bauincb 


Fractional 

EXPOSURX 


Balance 




Dura- 
tion 






















at Exact 


Curtate Duration 




(3) + (4) + 




J 














at Exact 








Duration 


^-1 


t-\ 


t 


^-1 


t 


Duration 


(6) + (6) + 


(2) -(9) 


2i(10) 




t 












t 


(7) + (8) 




















Modifications at Exact 


Duration % 












(0 


<t«>l-« 


^x]+«-l 


W^,-i 


Wgl+i 


T£i+.-x 


%, 


*[«]+« 


d + w + T 
+ e 


+ — 


Eb:]+« 


a) 


( 


[2> 


(3) 


w 


(6) 


(6) 


0) 


(8) 


(9) 


(10) 


ai) 





I, 


• • • 


« • • 


17 




1 • • 


• •• 


• • • 


17 


1,898 


• • 1 


j,8g8 


1 


2 


4 


22 


77 






• • • 


217 


320 


• • • 


318 


'^57 


2 


2 


II 


27 


38 






• • • 


213 


289 


• • • 


H 


1^24 


8 


2 


8 


14 


29 






• • • 


2O9 


260 


• • • 


258 


'^41 


4 
6 




8 
9 


II 
10 


23 
26 






• • • 

2 


192 
222 


234 
269 


• • • 

• •• 


233 

268 


i^^ 


'^33 


6 




9 


10 


20 






• • • 


210 


249 


• • • 


248 


1,250 


7 




14 


9 


12 






• • • 


179 


214 


• •• 


213 


1,278 


8 




II 


5 


12 






• • • 


171 


199 


• • • 


198 


'yII3 


9 
10 


• • • 


9 
9 


7 
9 


II 
II 






I 
2 


147 
136 


175 

167 


• • • 

• • • 


174 
167 


I,02S 


944 


a-5 


^^9^3 


40 


<y^ 


210 




... 


2 


i*0S3 


• • • 


t • t 


• • • 


7*^47 


O-IO 


'^9^ 


92 


/^^ 


276 






3 


i,8g6 


• • • 


• • « 


• • • 


13,646 


11 


2 


5 


6 


12 


I 


• • • 


125 


149 


• • • 


147 


• •• 


12 


• • • 


4 


5 


5 


I 


I 


124 


140 


• • • 


140 


• • • 


18 






5 


3 


6 


• • • 


I 


107 


122 


• • • 


122 


• • • 


14 






6 


3 


8 


• • • 


I 


96 


114 


• • • 


114 


• • • 


15 






4 


3 


5 


I 


I 


77 


91 


• • • 


91 


• • • 


16 






3 


2 


I 


• • ■ 


• • • 


89 


95 


• • • 


?5 


• • « 


17 






4 


4 


3 


• • • 


2 


51 


64 


• • • 


64 


• • • 


18 






2 


2 


I 


• • • 


• • • 


52 


57 


• • • 


57 


• • • 


19 






• • • 


•• • 


2 


I 


I 


28 


32 


• • • 


32 


• •• 


20 






2 


I 


• • 


I 


• • • 


10 


14 


• • • 


14 


»• • 


21 




I 


• • • 


I 


• • • 




10 


12 


• • • 


12 


• ■ • 


22 






2 


• • • 










6 


8 


• •• 


8 






28 






• • • 


• • • 










I 


I 


• • • 


I 






24 






• • • 


• • • 










3 


3 


• • • 


3 






26 






• • • 


• • • 










2 


2 


• • • 


2 






26 






• • • 


• • • 










I 


I 


• • • 


I 






27 






• • • 


• • • 










• • • 


• •• 


• • • 


• • • 






28 






• • • 


• • • 










• • • 


• • • 


• • • 


• • • 






29 






• • • 


• • • 










• • • 


• • • 


• • • 


• • • 






80 


• • • 


• • • 


■ • • 




• • • 




• • • 


• • • 


• • • 


• • • 


• • • 




1,929 


130 


IS3 


320 


5 


Z2 


2,678 


3»298 


1,898 


3,267 


• • • 










= -l,36q 


^t^m 


1 



NoTB. — In the construction of full aggregate tables, the total line on each Working sheet was transfeired to Summary sheets 
of the same form, which supplied the aggregate data as to entrants, deaths, Ac, in respect of each age attained ; wliilst the 
continued summation of the "net movement "(col. 10) ftom the earliest age, up to and including any given age, supplied the 
number exposed to risk at l^at age attained. 

The figures printed in UaXica supplied the data for the construction of Trwiuxiixd a^regate tables. The Exposed to risk for 
duration t were deduced by adding, to the Exposed for duration (t—1) in the prtoeding Working sheet, the "net movement" for 
duration t in the same Working sheet Thus B[85]+4+Q[8B]+8=Br8B]+5, or 1,601-268=1,888. This operation was performed on 
cards, as explained in U (^l) (62), of the text. 
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Then we have 

= E^_, + G:i: (4) 

for the computation of successive values by a continued method ; and 






E^= 2 (o-a— ^e/a— T«— €«)- S ^, 






= 2G. (S) 



a=o 



for verification of intermediate and final values. 

(56). Truncated Aggregate Tables. — It will be convenient 
to state, in the first place, the theoretical formulas for the computation 
of the entrants and emergents, and the numbers exposed to risk, in 
respect of the ^^ Truncated'* aggregate Tables, from which are 
excluded the data for certain of the early years of assurance. The 
practical application of these formulas in the present experience can 
then be explained, and illustrated by examples. 

(57). The Entrants, at attained age x, in respect of the 
truncated Table excluding the first t years from date of assurance, 
comprise (i) Original Entrants, coming under first observation at 
age Xy after durations of (/+i) years and upwards; (ii) Surviving 
Entrants, effected at age at entry [^— /], coming under original 
observation after durations O to / years inclusive, and completing/ 
years' duration at age x\ the cases in both classes being deduced 
from the analysed data for aggregate Tables. The cases in class (i) 
are equal to 



T=jr 



2 Cr[^-r]+r (6) 

whilst those in class (ii) can evidently be derived from the number 
exposed to risk in respect of entry age [^— /], after / years* duration, 
by the addition of the withdrawals and terminations which, in the 
computation of the numbers exposed to risk, are treated as of tabular 
duration /, although actually emerging in the earlier portion of the 
(/+ i)th year of assurance. The formula for the Surviving Entrants 
of class (ii) is therefore 

Ec,-,]+,+W[?-,H^ + T[:>_,H, (7) 

The total entrants of classes (i) and (ii), represented by the sum of 
the expressions in formulas (6) and (7), may conveniently be 
designated cr^j?. 

(58). Dealing now with, the Emergents of different classes, and 
designating the Withdrawals^ Terminations, Existing, and Deaths, 
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entering into the construction of the numbers exposed to risk at age 
ifc in the t years' truncated Table, by a/i?, T^^, ^^, and 6^^^ respec- . . 
tively, we have the following formulas for the several classes of 
emergents: — 



T=/+l 

r—x 



'HO nnC*) _L "S^ T* 






T=/+X 



t—x 



^-X= S ^[;r-T] + T-I 

T=/+X 

the cases being throughout taken from the analysed data for 
aggregate Tables. 

(S9). The "net movement" of emergents and entrants at age Xy 
which may be designated G^J?, is thus 

G«=<rW-(«.«+T<?+eW + e.) (8) 

and the formula for deducing the number exposed to risk at 
successive ages by a continued method is 

E«=E«, + G''i' (9) 

and, for verification of intermediate and final values, 

E<«=Tg<? (lo) 

(6o). An alternative formula for deducing the numbers exposed 
to risk in the truncated Table may be obtained by deducting, from 
the total number exposed to risk at age x in the full Aggregate 
Table, the number exposed in respect of entry ages \x'\ to [x—t-h i] 
inclusive, after durations of o to (/— i) years, respectively; so that 
the number exposed to risk in the I years* truncated Table is equal to 

E;r=E;r""(E[j:]+o+E[;P-,]+,+ . • . +E[^_/+x]+/-x) . . . (ii) 

where the values of E are throughout deduced from the data for 
aggregate Tables. 

(6i). Formula (ii) was that practically employed in the com- 
putation of the numbers exposed to risk for the truncated aggregate 
Tables. For this purpose, the data for the first t years had to be 
arranged in the form of select tables (discriminating the entry ages 
and durations) in order to ascertain the quantity to be deducted 
from the number exposed to risk at any age in the full aggregate 
Table, to arrive at that for the truncated Table. This was 
practically given effect to by transferring the "net movement," 
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Gijr]+T> which forms the basis of the number exposed to risk, to 
suitable cards, each of which recorded the net movement in respect 
of a particular value of [x], and of successive values of r from 
o to ID inclusive. The continued summation of the values of G, thus 
recorded, gave the successive values of Efj,]+o, E[^]+x, &c. {see 
formula 3, p. 65) ; and the numbers exposed to risk, thus deduced, 
were then re-arranged according to ages attained, in the form 

and their sum was deducted from the value of E^, the full aggregate 
exposure at age x. 

(62). The methods followed may be illustrated by a numerical 
example from the Endowment Assurance experience. Taking age 
40 at date of assurance, the value of G[4o]+t» the net movement 
contributing to the number exposed to risk, was extracted, for all 
values of 7- from o to 10 inclusive, from the Working Sheets for 
Aggregate Tables {see Table XII), headed (on successive pages) with 

Table XIII. 



"TRUNCATED" AGGREGATE 
TABLES. 


M 


Class E. Section |(p. 


Age at Assurance 4-Ob 


Dura- 
tion. 


Age 
attatned. 


Net Movement, 

+ - 


Exposed 
to Risk. 


0. 


40 


1,898 


— 


1,898 


1. 


41 


— 


329 


1,669 


2. 


42 


— 


273 


1,296 


3. 


43 


— 


236 


1,060 


4. 
6. 


44 


— 


174 


886 


46 


— 


160 


726 


6. 


46 


— 


116 


610 


7. 


47 


— 


96 


616 


8. 


48 


— 


92 


423 


9. 
10. 


49 


— 


71 


362 


60 


— 


65 


297* 


1 



* The value of E[4o>fxo is not required for the purpose of deducing the exposures under 
the ten years* truncated Table, by the method of formula (ii); but this value enters into the 
construction of the "surviving entrants" (formula 7), and is therefore required where the 
exposures in the truncated Table are deduced from the entrants and emergents at each age. 
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the attained ages 40, 41, ... 50. The values of the net movement 
were conveniently entered upon a special form of card {see Table XIII), 
headed "Age at Assurance 40," and the continued summation, on the 
card, of the net movement, gave the number exposed to risk, in 
respect of cases, originally entering at age 40, which came under 
observation, or passed out of observation, during the first eleven* 
years of assurance. 

(63). The numbers exposed to risk, thus deduced, were then 
conveniently entered in column (11) of successive pages of the 
Working Sheets for Aggregate Tables (Table XII), under their 
appropriate ages attained. The numbers entered in this column 
supplied at once the material for obtaining, at each age, the number 
to be deducted from the total number exposed to risk, E^, in order 
to obtain the number exposed for the truncated Table, E^i, for all 
values of / from i to 10 inclusive. For example, in order to deduce 
the value of E^^o, — the number exposed to risk in the truncated 
aggregate Table, after excluding the experience of the first five 
years, — all that was necessary was to deduct, from the number 
exposed in the full aggregate Table, E^o, the sum of the first five 
entries in column (11) of the Working Sheet for age attained 40. 
Thus, the full number exposed to risk at age 40, in the class of New 
Participating Endowment Assurances, were 19,443 in number. The 
first five entries, under age 40, column (11) of the Working Sheet 
(Table XII) make up a total of 7,647 ; and deducting this number from 
the full number exposed to risk, we arrive at 1 1,796, as the value of E^^o- 

(64). Proceeding similarly with the data in each of the four 
sections constituting the Endowment Assurance Experience, we obtain 
the following results for attained age 40 : — 

Table XIV. 

Endowment Assurance Experience. 

Attained Age, 40. 



Section of Experience. 


Number Exposed to Risk. 


Full 
Table. 


First Five 
Years. 


Truncated 
Table. 


New — Participating 
„ Non-Participating 

Old — Participating 
„ Non-Participating 


19,443 

7>373 

1,394 
1,170 


7.647 
2,310 

79 
91 


11,796 
5.063 

1,31s 
1,079 


Combined Experience . 


29,380 


10,127 


19.253 



* See foot-note on previous page. 
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The numbers exposed to risk in the full Table, and in the Truncated 
Table, for the Combined Experience, agree with those given, at age 40, 
in the Tables on pages 136 and 137 of the published volume of Unad- 
justed Data (Endowment Assurances and Minor Classes of Assurance). 

(65). The Entrants and Emergents at each age for the truncated 
Tables, as set out in the above volume, were deduced from the 
analysed data for full aggregate Tables, by the formulas given in 
§§ (57) ^^^ (58) above. The numbers exposed to risk, as previously 
deduced at each age by 'the methods explained and illustrated in 
§§ (60) to (64), were then independently obtained (for purposes of 
verification) by deducing, from the entrants and emergents in the 
truncated Table, the "net movement^' at each age (formula 8), 
and then computing the numbers exposed to risk, by continued 
summation of the net movement (formulas 9, 10). 

(66). These processes can be illustrated by an example taken 
from the data, in respect of the 5 years' truncated Table, given on 
page 137 of the published volume of Unadjusted Data: — 

Eil^=E^/,>+G^/o^ 

= E^>+(r?o>-(Mo+T</i + e$52+^,^ 

= 19,657 + 2, 108 -(315+43 + 2,016 +138) = 19,253 



Also 



E<5?=TG<i> 



•40 



03:40 



»=39 



= S [«7<i>-(a/<i>+T<i>+6<^]- t 0, 



a=5 



o=s 



=47,754- (4,787 +115 + 22,339 +1,260) = 19,253. 

i6y). Truncated Aggregate Tables are included in the published 
volume of Unadjusted Data, in respect of the undermentioned 
classes of assurance : — 



Class. 



Males — 
Whole-Life Participating 

„ „ Non-participating . 
„ „ Limited Payments . 
„ „ Ascending Scale 
Endowment Assurances... 

Females — 
Whole-Life Participating 

„ „ Non-Participating . 



Years of Assurance Excluded. 



} 



Si 6, 7, 8, 9 and 10 years 



5 and 10 years. 



n 



VII. AS TO THE METHODS FOLLOWED IN CLASSIFYING AND 
TABULATING THE DATA FOR THE MINOR CLASSES OF 

ASSURANCE. 

(68). It remains only to describe the methods adopted in the case 
of the Minor Classes of Assurance, which differed somewhat from 
those described above, owing partly to the fact that duplicates were 
only eliminated as arising at the same age at assurance (in other 
words, that the data for Select and Aggregate Tables were identical), 
and partly to the smaller extent of tabulation necessary. For the 
following classes of the Female Experience, where the numbers were 
too small to render any further tabulation of value, summaries of 
data only were prepared, viz. : — Whole-Life Assurances with 
Ascending Premiums; Whole-Life Assurances with Limited Premiums; 
Contingent Assurances ; and Temporary Assurances. 

(69). Contingent Assurances, Male Lives — Temporary 
Assurances, Male Lives. — As the assurances in these classes were 
usually of short duration, it was considered sufficient to tabulate the 
data in the form of Select Tables extending over the first ten years of 
assurance, with a summary statement of the data in respect of longer 
durations. As the numbers under observation at the individual ages 
at entry were not considerable, they were throughout tabulated at 
grouped entry ages 0-17, 18-22, 23-27, &c., the final groups being 
63-77 for Contingent Assurances, and 63-89 for Temporary 
Assurances. Cards of a special form, which served' the purpose of 
both Enumerating and Abstract of Data cards — see Appendix R — 
were employed for the record of the Entrants and Emergents in 
these classes. These assurances being almost invariably without 
profits, no discrimination was made between participating and 
non-participating assurances. The data for " Old " and " New " 
Assurances were added together before being employed in the 
processes of tabulation, but the separate particulars were recorded on 
the cards, in case they should be required at any future time. 
With these exceptions, the methods of sorting and tabulation 
adopted were similar to those followed in the main classes of Whole- 
Life and Endowment Assurances, which have been already described 
in detail. 

(70). Whole-Life Assurances with Limited Number 
of Premiums, Male Lives ; Whole Life Assurances with 
Ascending Scale of Premiums, Male Lives ; Joint-Life 
Assurances, Male Lives; Joint -Life Assurances, Female 
Lives, — In these classes, the data for which were much more extensive, 
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and over longer durations than those previously adverted to, it was 
decided to tabulate the data in the form of Select Tables for the first 
ten years of assurance (with a summary statement of the subsequent 
data), and also in the alternative form of Aggregate Tables. For the 
Select Tables, processes were followed identical with those described 
above for Contingent and Temporary Assurances, with the exceptions 
(i) that in the case of the Whole-Life Assurances with Limited or 
Ascending Premiums the Select Tables were prepared for each age 
at entry; (ii) that the data for "Old" Assurances, with profits, 
"Old" Assurances, without profits, "New" Assurances, with profits, 
and " New " Assurances, without profits, were separately entered on 
the cards, and combined for purposes of tabulation. In the case of 
Joint-Life Assurances, the ages at entry were grouped for Select 
Tables, as in the case of Contingent and Temporary Assurances. 
The special form of card given in Appendix R {a) was also employed 
for the record of the Entrants and Emergents in these classes. 

(71). The methods adopted in constructing the Aggregate Tables 
were similar to those already described for the main classes of 
assurance. A special form of card — see Appendix R {6) — was 
employed in these classes for the record of the data for Aggregate 
Tables. For the classes of Whole-Life Assurances with Limited 
and Ascending Premiums, Truncated Aggregate Tables were also 
constructed, eliminating the first five, and the first ten years' 
experience. Since the data for Select and Aggregate Tables were 
throughout identical, the data for these truncated Tables were readily 
obtained, by deducting from the numbers exposed to risk, and the 
deaths, at each age attained in the full Aggregate Table, the numbers 
exposed, and the deaths, as set out in the Select Tables, for the 
several years to be excluded from observation, arranged under the 
age attained. 



{72), In Appendix S are given some notes as to the data referred 
back to the contributing offices for examination and correction, the 
nature of the queries thus arising, and the way in which they were 
respectively dealt with for the purposes of the experience. 

THOMAS G. ACKLAND, 

Hon, Official Supervisor. 
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ASSURANCE EXPERIENCE. 



APPENDICES 

TO NOTES AS TO THE PRINCIPLES AND METHODS 
ADOPTED FOR CLASSIFYING AND TABULATING 

THE DATA. 
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Appendix A. 

NEW COLLECTIVE MORTALITY EXPERIENCE 
In Preparation by the Institute of Actuaries and 

THE Faculty of Actuaries. 

* 

MEMORANDUM 
for the guidance of the companies in fillmo in the 

Mortality Experience Cards. 

ASSURED LIVES. 

1. It is intended that the New Collective Mortality Experience shall 
include (a) policies existing on the books of the Companies on the 
anniversaries in 1863 of the dates of entry, and (b) policies issued 
between ist January 1863 and the 31st December 1892. A form of card 
will be supplied for each of these separate classes, and specimens are 
enclosed herewith. That headed " Old Policies " is intended for class 
{a) above named, and that headed "New Policies" for class {b), A card 
should be written for each policy that comes within the limits of the 
experience. 

2. The male lives are to be distinguished from the female; and for 
the male lives white cards are to be used, and for the female, pink cards. 

3. Only those policies are to be included which are on lives resident 
in the United Kingdom at the date of entry. Thus, cards are not to be 
written for policies issued through agencies abroad, or for policies issued 
in the United Kingdom on lives residing abroad at the date of entry. 

4. All policies granted at an extra premium on impaired lives, or at an 
extra premium on account of occupation, or at an extra annual premium 
for foreign residence or for whole-world license, are to be excluded, as 
also all policies on the lives of Naval, Military, or Seafaring men. 
Policies on which a single extra premium for whole-world license has 
been paid are to be included. In the case of female lives, where an 
extra is charged only on account of sex, or only for the risk of pregnancy, 
such policies are to be included, and cards are to be written for them. 

5. These regulations as to extra premium for foreign residence apply 
only where the extra premium runs from the date of issue of the policy. 
If after the issue of the policy the life goes abroad and subjects himself 
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to extra premium, no account is to be taken of the fact, and a card is to 
be written as if no extra risk had been incurred. 

N.B. — It is suggested that those Companies which can do so should under 
" Remarks'' record the fact that the life has gone abroad and subjected 
himself to extra premium, giving the date of such event. If the event, 
however, happened more than once, only the first date need be given. 

6. Lives are not to be included which have been admitted without 
medical examination by virtue of special schemes or arrangements 
introduced since 1863 ; and lives of members of the Royal Family are 
also to be excluded. 

7. Only direct policies of the Company are to be included; and 
therefore cards are not to be written for re-assurances received from other 
Offices. 

8. It will be noticed that two descriptions of type appear on the 
cards. It is intended that the Companies shall fill in the particulars 
required only under the large capital type, and that those asked for in 
the small Roman type shall be iilled in by the Institute and Faculty of 
Actuaries. 

9. Taking in order the lines in capital type upon the cards, the 
following explanations may be useful. 

10. No The Policy No. should be inserted here. 

11. The amount here required is the orignal sum assured by the 
J^ policy to the nearest £^, If the original policy has been 

exchanged for one of larger amount, it should be treated as 
having been surrendered and a card written for it accordingly, and a 
new card should be written for the new policy, giving particulars as at 
the date of exchange. If the original assurance be continued but for a 
smaller amount, whether under the original or under a new policy, then 
the particulars of the alteration should be given atthe foot of the card 
under the heading " Remarks." 

12. It is proposed to investigate separately some of the larger 
Class. classes of assurances, such as the Whole Life Assurances, 

Endowment Assurances, &c., and therefore it is requested 
that care be taken in distinguishing the class. 

The different classes of assurances to be included are as under, and 
should be distinguished by letters written or printed on this line as 
follows : — 

Ordinary Whole-Life Assurances granted at Uniform\ 
Premiums payable throughout life J 

Whole-Life Assurances granted by Single Premiiims'i 
or Premiums limited in number / 



Whole-Life Assurances granted by Premiums on an 
ascending scale, such as Assurances at half- 
premium rates 



O. A. 
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Ordinary Endowment Assurances E. 

Term Assurances on Single Lives T. 

Joint Life Assurances (Whole Term) J. L. 

N.B. — ^A separate card should be written for each of 
the lives, and a reference should be made under 
"Remarks" to the other life or lives; thus : — 
"Jointly with A. B.", the date of birth of A. B. 
being also given. 

Contingent Survivorship Assurances granted by' 

Annual Premiums, on a single life against - C. 
another life or a combination of lives 

N.B. — A card should be written for the assured life, 
but not for the counter-life or counter-lives. 

All Other assurances should be omitted and cards should not be 
written for them. 

'3' a Profit '^^^ letter **?** should be inserted in the case of a With- 
er Not." profit policy, and the letter " N " in the case of a Non-profit 
policy. 

All assurances, the bonuses on which depend on the profits of the 
Company, or which carry guaranteed bonuses, should be included among 
those With-profit. Thus, it is immaterial for this purpose whether the 
profits are taken as a reversion, or in cash, or in reduction of premium, or 
whether the bonus be immediate or deferred ; and also it is immaterial if 
the policy be issued under such conditions as go by the various names 
"Minimum premium", "Cost price", "Prime cost", &c. All such 
policies should be included in the With-profit group, and the Companies 
are invited to write in such cases under " Remarks" the words 
" Minimum premium", " Cost price", &c., as the case may be. They 
are also invited to add under "Remarks" the words "Part Credit", 
where at the commencement any portion of the premium was allowed to 
remain as a debt on the policy. 

14. It is desirable that the full Surname and first Christian name, 

" Life." and the initials of other Christian names of the Life should 
be given. 

The Surname should be placed on the first line, and the Christian 
name or names on the second. In the case of a compound Surname, 
such as John Brown-Smith, the last name only should be treated as 
Surname, the remainder being treated as part of the Christian name and 
given in full after the Christian name on the second line : thus 
/ Smith, 
\john Brown. 

Similarly in the case of a Surname with such a prefix as "de", 
"von", "van", "van der", &c., e?.^., "Van Tromp", only the Surname 
itself, e,g,y "Tromp", should be placed on the first line, and the prefix, 
"Van", &c., should be placed on the second line after the Christian 
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names. If, however, the prefix is actually incorporated in the name, 
e,g,^ Vanderbilt, then the whole should appear on the first line as 
Surname. 

In the case of a female who has changed her name by marriage, the 
name under which she assured should be given on these two lines, and 
her maiden name, or her married name as the case may be, should if 
possible be given under " Remarks." 

In the case of a peer the family name and the Christian names 
should be given on these two lines, and the title should be given under 
" Remarks." 

15. u T^af^ ^r The date of birth should be given with as much accuracy 
Birth " ^ possible. The day of the month should be inserted 

under the letter " d" in the column before the hjrphen, and 
the number of the month, thus 7 for July, should be inserted after the 
hyphen, the year being given in the ruled column on the right, under 
the word "year." If the exact date of birth cannot be given, such 
particulars as are possible should be supplied in this line. 

16. " Date of Here should be written the date when the risk was assumed 
Entry. to commence, and not necessarily the date of the policy. 

17. « rN |. ^c This line is intended for the date of cessation of the risk, 
Exit." ^^^ *^^ exact date if possible should be supplied. Should 

the exact date not be forthcoming, the nearest approach to 
it possible should be given. Where a discontinued policy has been kept 
in force for a period through a special regulation of the office, such as 
the Non-forfeiture regulation, the date of exit in all such cases should be 
considered as that on which the office finally ceased to be on the risk. 
If a policy has been discontinued and revived for its original amount, no 
attention should be paid to the fact, but the policy should be treated as 
if there had been no break in the continuity of the risk. 

18. lijji A The letter " D", to be placed within the brackets, will mean 

of Exit.'' ^^^ ^^^ ^^^^ ^^ caused by death; the letter "W" by 
withdrawal, that is, surrender or lapse; and the letter "T" 
by termination in any other way, such as in the case of an Endowment 
Assurance, the survival of the life to the stipulated age ; in the case of a 
term assurance, the term for which the policy was granted having 
expired ; in the case of a contingent assurance, the death of the counter 
life ; and in the case of a joint life assurance, the failure of the other 
joint life. It is unnecessary to distinguish these particular cases in the 
cards, and the one letter "T" will represent them all. 

19. The observations are to close with the anniversary of the policy in 
1893. If the policy still remained in force at its anniversary in 1893, the 
lines Date of Exit and Mode of Exit should be left blank ; and it will 
be assumed in all cases where no mark is made on them, that the policy 
was still running at the close of the obsen^ations. 
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20. For the sake of distinguishing the different Companies, so that the 
cards may be returned after they have been used for the Mortality' 
Experience, each Company should have a distinguishing number or 
letter, to be approved by the Institute and the Faculty of Actuaries, 
printed at the foot of the card. The Company for its own purposes may 
make such remarks on the back of the card as may be thought desirable ; 
but it is particularly requested that no marks except those above 
mentioned be made on the face of the card. 

21. The writing and figures on the cards should be made as distinct as 
possible, and the figures should be ranged under each other so that there 
may be no difficulty in reading them ; and in the cards for old policies, 
under the heading ** year", the figures should be ranged above and below 
those for 1863 which are printed, so that in subsequently dealing with 
the cards there may be no difficulty in making additions or subtractions. 

22. The cards of each Company, when all completed, should be sent in 
to the Institute of Actuaries or to the Faculty of Actuaries arranged in 
any order that the Company may find convenient. 

23 If any further explanations be required they will be supplied on 

application to the Honorary Secretaries of the Institute of Actuaries, 
Staple Inn Hall, Holborn, London, W.C, or to the Honorary Secretary 
of the Faculty of Actuaries, Edinburgh. 

May isty j8g4. 
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Appendix B. 
NEW COLLECTIVE MORTALITY EXPERIENCE. 



LIST OF ENQUIRIES made by the English Companies respecting the 
flillng'ln of the Experience Cards, and Answers given thereto. 



Question 



1. How should a Policy be treated which 
has been transferred from one class of 
Assurance to another, or from ** With Profit" 
to " "Without Profit," or vice versa, with or 
without variations in the Sum Assured and 
Premium ? 

2. If the original Policy has been converted 
into a " Paid-up " Assurance (whether a new 
Policy be issued or not), is a new card to be 
written? 

3. Where the age next birthday only is 
ascertainable, how is the **date of birth" to 
be estimated ? 

4. Are Assurances with Premiums on a 
decreasing scale, and Endowment Assurances 
on Joint Lives, to be excluded ? 

5. Are the Assurances on the Survivor of 
any number .of Lives to be included ? 

6. Are Lives resident in the United 
Kingdom at the date of entry, but known 
to be about to proceed and to reside abroad, 
to be excluded ? 

7. Will the fact that a Life has been in 
the Naval, Military, or Merchant Service, 
exclude him from the experience ? 

8. Does Military Service include service 
in the Militia or Volunteers ? 

9. Does the expression in the note to 
Clause 5, **If the event happen more than 
once," apply to climate risks generally? 

10. In the case of a Lapsed Policy, is the 
exact date of cessation of the risk to be the 
date when the days of grace expired? 

11. Are Policies which are not renewed on 
their anniversary in 1893 to be treated as 
regaining in force on that day ; for instance, 
a Policy effected in October, 1870, and 
discontinued in October, 1893? 

12. What is the exact interpretation to be 
given to the phrase ** Date when the risk 
was assumed to commence " ? 

13. If a Policy may be reinstated during 
the lifetime of the Life Assured, within 
twelve calendar months after the expiration 
of the days of grace, without proof of health, 
the usual Non-Forfeiture Regulation also 
applying, what date should be put down as 
" the date of cessation of risk " ? 



Answer 



I. The Policy is to be treated as if it had 
remained in its original class, the date and 
nature of the subsequent alterations being 
stated under " Remarks." 



2. No, the particulars of the alterations 
should be given at the foot of the card under 
"Remarks" {vide Clause II of the Memo- 
randum). 

3. The date of birth should be left blank, 
and the age next birthday stated under 
" Remarks.'^ 

4. Yes. 



5. No. 

6. No, a card should be written for the 
Policy, and particulars of the extra risk 
and extra Premium (if any) given under 
** Remarks" {vide note to Clause 5). 

7. No, not if he had retired or gone into 
the Reserves at the time the Policy was 
effected. 

8. No. 

9. Yes. 



10. Yes, if the Company's risk actually 
ceased on such date, but not if it continued 
at risk under some Non-Forfeiture Regu- 
lation or otherwise {vide Clause 17). 

11. Yes, if the Policy was in force up to 
such anniversary. 



12. The "date of entry" should be the 
date from whicl) the first Premium runs. 

13. As the Company is not necessarily 
fully on the risk during the twelve months, 
and might not be liable to pay the Sum 
Assured in the event of the death of the Life 
Assured before reipistatement, the date of 
cessation of risk should be the day when the 
full Sum Assured ceased to be protected by 
the special Non-Forfeiture Regulation {vide 
Clause 17). 
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Appendix D. 

RULES FOR OBTAINING THE NEAREST AGE AT ENTRY 
BY MODIFICATION OF THE YEAR OF BIRTH. 

(i) Modification to be applied to the Year of Birth recorded on the 
cards in the following cases : — 

{a) Where Day and Month of Birth precede Day and Month of 
Entry by more than six months^ mark the Year of Birth (— ) 

(h) Where Day and Month of Birth follow Day and Month of 
Entry by more than six months^ mark the Year of Birth ( + ) 

(c) Where the interval between Day and Month of Birth and 
Day and Month of Entry is exactly six months : — 

(i) If the Day and Month of Birth precede the Day and 
Month of Entry, mark the Year of Birth, in one-half of 
the cases, (— ■) 

(ii) If the Day and Month of Birth follow the Day and 
Month of Entry, mark the Year of Birth, in one-half of 
the cases, ( -h ) 

(2) In all cases to obtain the Nearest Age at Entry deduct the 
Year of Birth (modified ± i as marked in the above cases) from 
the Year of Entry. 



Appendix E. 

METHODS OF DEALING WITH CASES OF DEFECTIVE 

DATA AS TO BIRTH. 

The cards upon which the dates of Birth were not fully recorded were 
set aside, and were of the following four types : — 

(i) Those on which the ^^ Office Age at Entry "^^ was given (under the 
heading "Remarks") with no direct information whatever as to the date 
of birth ; 

(2) Those on which the Year only pf birth was given, without the 
Age at Entry; 

(3) Those on which both the Year of birth and the Office age at entry 
were given; 

(4) Those on which the date of Baptism was given in lieu of the date 
of birth. 

The number of cards so set aside was, in the Male Experience, 30,210, 
of which 27,470, or about 90 per cent., were Whole-Life Assurances; and, 
in the Female Experience, 4,753, of which 3,793, or about 80 per cent* 
were Whole-Life Assurances. 
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(i) In the first variety, "Office Age at Entry only given," the cards 
representing policies on the same life, effected at the same age at entry, 
were first brought together, in order to avoid inconsistent dealings in the 
later stages. In many cases the comparison of these cards on the same life 
indicated with certainty the nearest age at date of assurance ; but where 
the cases could not be settled, the following method of procedure was 
adopted: — An examination of the tabulated statistics, as to the interval 
subsisting in the main body between the date of assurance and the previous 
birthday {see Appendix C) was made, and it was found that in the English 
Section of Whole-Life Assurances on Male Lives, approximately out of 
every 1 1 cases, in 7 the age next birthday, and in 4 the age last birthday 
was the " Nearest " age. The tabular ages at date of assurance were then 
supplied upon the assumption that these cases followed the same proportionate 
distributions ; /.^., in 7 cases out of 1 1 the age next birthday, and in the other 
cases the age last birthday, was assumed to be the "Nearest age." In a similar 
manner were treated the cases in the other categories (English Section, 
Endowment Assurances, &c.), the appropriate distributions being furnished 
from Appendix C. 

(2) In the case .of the second variety, " Year of Birth only given," it 
was evident that the year of birth, as recorded, was in a large proportion of 
cases an assumed date deduced by the contributing Offices (probably for 
valuation class-list purpose) by deducting the office age at entry from the 
calendar year of entry. As the office age at entry was not given in these 
cases, the only practicable course appeared to be to enter, as the age at 
entry for tabular purposes, the differences between the given year of birth 
and the calendar year of entry. A careful examination was made to prevent 
inconsistent dealings with differeht policies on the same life, and this 
examination confirmed the conclusion previously arrived at, it being found 
that, in a considerable number of cases, cards in respect of the same life 
were entered up with years of birth differing by unity. The total numbers of 
cards in this class were respectively: Male lives 15,140; Female lives 2,379. 

(3) In the third variety, "Year of Birth and Office Age at Entry both 
given," it was again evident that the year of birth as recorded was an 
assumed one derived from the office age at entry and the calendar year of 
entry. The year of birth as recorded was therefore ignored, and the cases 
were treated precisely as if belonging to the first variety, " Office Age at 
Entry only given." The number of these cards was much smaller, viz., 
Male Lives 2,350 ; Female lives 290. 

(4) In the fourth variety, " Date of Baptism only given," the date of 
birth was assumed to have been one month prior to that of baptism, and the 
nearest age at entry was deduced accordingly, and stamped upon the cards. 
The numbers were very small, viz., Male lives 220; Female lives 47. 
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Appendix F. 

METHODS ADOPTED FOR DETERMINING AND RECORDING 

THE DURATIONS UPON THE CARDS. 

First Stage. — Sorting according to mode of exit. The cards having been 
so sorted, those with no recorded mode of exit were then examined to see 
that they had no date of exit, in which case they were "Existing in 1893." If 
a date of exit was given they were set aside for inquiry of the Office as to 
mode of exit. 

Deaths and Withdrawals. 

Second Stage. — Sorting according to date of exit as follows : — 

{a) Month of exit later thai^ month of entry. 
(3), (r), {d) Month of exit same as month of entry. 
{e) Month of exit earlier than month of entry. 
(/) Neither day nor month of exit recorded. 

The second group was then subdivided according to order of day of entry 
and exit, in like manner into (Jb) day of exit later, {c) day of exit same, and 
{d) day of exit earlier. The group (/) was also examined to see whether a 
year of exit was given. Cases where no date of exit whatever was given were 
then referred to the Offices for insertion of such date. * Cases where the year 
of exit only was given were treated as *' defective data." In the case of 
Deaths, groups (a), (^), and ic) were amalgamated, forming a group in which 
the difference between the calendar years of entry and exit gave the curtate 
duration at exit, and groups {d) and (<?) were amalgamated, forming a group 
in which the difference between the calendar years of entry and exit was one 
greater than the curtate duration at exit. In the case of Withdrawals, 
however, the five groups (a), {b\ (^), (^), and {e) were still kept separate, for 
reasons which will presently appear. 

Third Stage, — Sorting according to year of entry. At this stage the 
" Old " became separated from the " New " Assurance cards (" Old " up to 
1862 inclusive, " New *' thereafter), and the packets were checked to see that 
the cards were of the right form. Any cards found to be of the wrong form 
were replaced by fresh cards, and cases of year of entry later than 1892 were 
excluded. The Existing were then ready for recording the durations at exit, 
and also all the " Old" cards for recording the durations in 1863. 

Fourth Stage, — Sorting Deaths and Withdrawals into years of exit, 
under each of the different sub-sections so far formed. In the course of this 
process the following cards, representing cases emerging before the com- 
mencement of the experience, were excluded : — In groups (a), (b\ or {c) 
{Second Stage), those with year of exit earlier than 1863, and in groups (d) or 
(tf), those with year of exit 1863 or earlier. In the former groups also the 
mode of exit, on cards with year of exit 1893 or later, and in the latter groups 
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with year of exit later than 1893, was altered to " Existing," and the dates of 
exit cancelled. 

Fifth Stage. — The groups of years df entry and years of exit were then 
amalgamated, according to the difference between such years. After this 
amalgamation had been carefully checked, the stamping of curtate duration 
at exit was effected. 

Withdrawals. 

Sixth Stage. — It being necessary merely to obtain the cases emerging in 
the periods 0-2 months, 2-6 months, 6-8 months, and 8-12 months in the 
year of duration current at exit, the groups {b), (c), and (d) (Second Stage\ 
which formed more than one-third of the whole body, were at once able to 
be stamped, groups (b) and {c) as belonging to period 0-2, and group {d) as 
belonging to period 8-12. The groups (a) and (tf), being still kept separate, 
were sorted into months of entry ; and 

Seventh Stage. — ^The cards for each month of entry were further sorted 
according to month of exit. 

Eighth Stage. — Within each of the groups {a) and {e) the packets of cards 
were then amalgamated according to differences of months. The cases 
where the difference in months was 2 months, 6 months, 8 months, were 
then split up according to day, and the resultant packets formed for stamping 

fractional durations, viz. : — 

ft 

0-2 months, stamped (i). 
2-6 „ „ (4). 

6-8 „ „ (7). 

8-12 „ „ (10). 

Cases of exact differences o and 2 months were included in the group 
stamped (i) ; cases of exact differences 6 and 8 months were included in the 
group stamped (7). 
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[Experimental Data.] 
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Appendix G. 



according to Curtate Duration 
in Year of Exit 
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Appendix J. 

WHOLE-LIFE PARTICIPATING "NEW" ASSTTRANOES, 



Comparative Statement of Fractional Duration of Withdrawals, as estimated by the 
Exact Duration Method, the Nearest Duration Method, and a Modified Nearest Duration 
Method; also of the Number of Cases entering upon each Year of Assurance. 

MALE LIVES— BORN IN 1862. 



Cnrtate 
Duration 


Number 

of Cases 

entering 

on Year of 

Assurance 


Exact 
Duration 
Method * 


Nearest 
Duration Method t 


Modified Nearest 
Duration Method 


Ourtate 
Duration 


Duration 


Duration 


Deviation 


Duration 
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MALE LIVES— BORN IN I8I6, 



FEMALE LIVES— BORN 1850-1865 
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* Cases of Withdrawal at the precise points 0, S, 6, 9 (as recorded) being treated throughout as of durations 1, 4, 7, 10 
respectively. 

t Cases recorded as Withdrawals at the precise point 6 being treated as of duration 7, and classed with those falling in the 
second half of the year. 
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Appendix L. 



ENDOWMENT ASSUBANCES. 



PARTICIPATINO AND NON-PARTICIPATING. 
NEW ASSUBANOES— EFFECTED 1868-1892. 



Comparative Statement of Fractional Duration of Witlidrawals, as estimated by the 
Exact Duration Metiiod, tlie Nearest Duration Metiiod, and tlie Modified Nearest Duration 
Metliod, also of tlie Number of Cases entering upon eacii Year of Assurance 



Curtate 
Duration 


Number 

of Cases 

Entering 

on Tear of 

Assurance 


Exact Duration 
Method* 


Nearest Duration 
Method t 


Modified Nearest Duration 
Method 


Curtate 
Duration 


Duration 


Duration 


Deviation 


Duration 


Deviation 


Tears Months 


Tears 


Tears 


Months 


Tears 


Tears 


Months 


MALE LIVES BORN IN 1846 | 


o 
I 

2 

3 

4 


2,581 
2,299 
2,084 

1,863 
1,706 


45 
31 
25 

23 

20 


5 
I 

7 

5 
II 


63 
28 

20 

25 
20 


+ 17 

— 3 

— 5 

+ I 

— 


7 
I 

7 

7 
II 


44 
29 
25 

24 
20 


— I 

— 2 

— 
+ 

— 


5 
I 

7 

7 
II 




I 
2 

3 

4 


0-4 


10,533 


146 


5 


156 


+ 9 


7 


142 


— 4 


5 


0-4 


1 

9 


1,543 

1,399 
1,266 

1,136 
1,033 


17 
II 

10 

7 
5 


6 

II 

2 

7 
8 


18 
12 
10 

8 
5 


+ 
+ 

— 
+ 

— 


6 
I 
2 

5 
8 


. 18 
12 
10 

8 

5 


+ 
+ 

— 
+ 

— 


6 
I 
2 


5 
6 

7 
8 

9 


5-9 


6,377 


52 


10 


53 


+ 


2 


53 


+ 


8 


5-9 


o— 9 


16,910 


199 


3 


209 


+ 9 


9 


195 


— 4 


3 


0-9 


MALE LIVES BORN IN 1862 | 


o 
I 

2 

3 
4 


5,278 

5,096 
4,020 

3,184 

2,524 


94 
73 
44 
22 

19 


2 

5 
8 


9 


136 
60 

45 
18 

18 


' +41 

—13 
+ 

— 4 
. — I 


10 

5 

4 


9 


91 

75 

44 
21 

20 


— 3 

+ I 

— 

— I 
+ 


2 

7 
8 


3 



I 
2 

3 
4 


0—4 


20,Z02 


254 





277 


+ 23 





251 


— 3 





0-4 


1 

7 
8 

9 


. 1,969 

1,491 
1,027 

711 

457 


12 

5 
4 

4 

2 


10 
10 

6 

I 
I 


10 
6 

4 
4 

2 


. — 2 
+ 

— 

— 

— 


10 

2 

6 
I 
I 


II 
6 

5 

4 

2 


-— I 

+ 
+ 

— 

— 

■ 


10 
2 
6 

I 
I 


5 
6 

7 
8 

9 


5-9 


5,655 


29 


4 


26 


3 


4 


28 


— I 


4 


5-9 


o— 9 


25,757 


283 


4 


303 


+ 19 


8 


279 


— 4 


4 


0—9 



* Cases of Withdrawal at the precise points 0, S, 6, 9 (as recorded) being treated throughout as of durations 1, 4, 7, 10 
reiipectively. 

t Cases at the precise point 6 being treated as of duration 7, and classed with those falling in the second half of the year. 



t 
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Appendix M. 

AS TO THE RATIONALE OF THE MODIFIED NEAREST 

DURATION METHOD, 

WITH AN INVESTIGATION OF THE AMOUNT OF TH9 TABULAR ERROR. 

The general principles upon which the method was based may be 
enunciated as follows : — If r be the days of grace (stated as the fraction of 
a year), then the duration of the lapses, and consequently of the greater 
portion of the withdrawals, arising in a given policy-year, will be shifted from 
the durations o, -25, -50 and -75, to the later durations r, (-25 +r), Cso+r), 
and (75+^). The policy-year may now be considered as divided into two 
periods ; the first of which extends from o to 2r, the central point of which, 
r, represents the true fractional duration of the yearly lapses (inclusive of 
the days of grace), and the average fractional duration of the surrenders 
included in the period. The second period extends from 2r to i, the 
central point of which, ('S+z*), represents the true duration of the half- 
yearly lapses ; is equidistant from the true durations of the quarterly lapses 
arising at the points ('25 +r) and ('ys + r) ; and also represents the average 
duration of the surrenders included in the period, so far as they are equally 
distributed over its duration. 

The cases of withdrawal arising in the first period may thus be con- 
veniently and accurately tabulated as of fractional duration r; whilst those 
arising in the second period may be dealt with, according to the general 
principles of the Nearest Duration Method, by referring the cases recorded 
between durations 2r and ('S+r) to the beginning of the period, and treating 
them all as of duration 2r \ by refef ring the cases between durations ('5 -f r) 
and I to the end of the period, and treating them all as of duration i ; and 
finally, by referring cases arising at the precise duration ('S+r) alternately to 
the beginning and end of the period. 

It is, however, to be observed, that it will be equally consistent with the 
principles of the Nearest Duration Method, if the assumed durations, at the 
commencement and end of the second period, differ from those above stated, 
so long as the essential condition is observed, that the sum of such assumed 
durations is equal to (i-h2r), with an average or central duration of ('5 + ^). 
This necessary condition will obtain, for instance, if the assumed durations 
are respectively taken as r and (i -hr) ; and these will be the most convenient 
assumptions in practice, for the commencing duration r, as assumed for the 

I 
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second period, will then coincide with the average duration adopted for the 
whole of the cases included in the first period. 

These assumptions will be carried into effect by referring the whole of the 
cases arising in both periods to the beginning and end of the year, according 
as they withdrew prior, or subsequently to the assumed central point of 
duration ("5 4- r), cases arising precisely at the latter duration being distribi^d 
equally to the beginning and end of the year. A further period of duration, 
equivalent to r, must then be added to the whole of the cases ; and this 
can most conveniently be effected by transferring, from the cases already 
referred to the beginning of the year, a number which represents the 
proportion r of the whole number of withdrawals in the year, and adding 
such cases to those already referred to the end of the year. In order to 
avoid the introduction of fractional exposures, the proportion so transferred 
must be taken to the nearest integer (see note to Table III., p. 45). 

In the practical application of these principles to the case of the present 
experience, it will be observed that, as the lapses are in some cases recorded 
with exclusion, and in others with inclusion, of the days of grace, the half- 
yearly lapses, as recorded upon the data cards, would arise at the two points 
of duration, '5 and ('5+^), respectively. It was therefore necessary, in order 
to ensure a uniform treatment of these varying records, slightly to modify the 
method above indicated, by comprising all durations between '5 and ('5 + 2r), 
both inclusive, in a central group. Withdrawals arising prior to duration '5 
were then refened to the beginning of the year; those arising after duration 
(•5 + 2r) were referred to the end of the year ; those included in the central 
group were referred alternately to the beginning and end of the year ; and a 
further exposure of r was added to the whole of the cases. 

As the days of grace extended, in the great majority of the cases included 
in the experience, over one month, that value was adopted for r ; and each 
policy-year would thus be divided into three groups, as under : — 

Group (i) 0-6 Months — cases referred to the beginning of the year ; 

y..v , J. ) cases refened alternately to the beginning and 

„ WG-» i> I end of the year; 

„ (iii) 8-12 „ ' cases referred to the end of the year; — 

the additional duration of one month being obtained by further transferring 
one-twelfth, disregarding fractions, of the total number of cases included in all 
three groups, from the beginning to the end of the year. 

It will be seen, from the above investigation, that the addition of one 
month's exposure, in arriving at the tabular duration of all the cases falling 
in the year, does not exclusively represent the days of grace in lapsed cases. 
By the principles upon which the method is based, the considerable number 
of withdrawals, arising at the precise durations of one month and seven 
months (mainly in respect of yearly and half-yearly lapses) have their 
durations correctly tabulated ; whilst the other withdrawals (whether by lapse 
or surrender) are so tabulated as to introduce compensating errors, so far as 
the cases, arising at points equidistant (on different sides) from duration one 
month, and duration seven months, are respectively equal in number. 
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The investigation of the error involved in the application of the method 
may thus be theoretically stated : — 

Representing by Wt the number of withdrawals in any policy-year, having 
exactly t months' duration (inclusive of the days of grace), where / may 
have any value, fractional or integral, between o and 12, we have, for the 
aggregate true exposures of all the withdrawals falling in the year, the general 
expression 

/BO 

Considering now the cases falling in the first group (0—2 months' duration), 
we have, for the aggregate true exposure of the cases in the group, 

/=3 

2(w,x/). 

The tabular duration, which gives to all cases in the group a uniform duration 
of one month, is equal to 

and the aggregate error in the exposures of the group is thus 



=5 Wi-')]. 



/-o 



It is evident that the large number of cases arising (by yearly lapse) at the 
central duration of one month, are correctly tabulated ; and that, so far as 
the cases arising at equidistant points on opposite sides of this central 
duration are equal in number, the sum of the errors will be zero. 

Considering now the central group (6—8 months' duration), we have, 
similarly, for the true aggregate exposures, 

5(a',x/). 

By the method of tabulation followed, these cases are referred in equal parts 
to the beginning and end of the year, and one months' exposure is then 
added to the whole of the cases in the group; the tabular duration is thus 

equal to a mean duration in each case of { h i J, or 7 months. The 

aggregate tabular duration of cases included in the group is thus equal to 

and the aggregate error in the group is thus 

=S[(7-/)(a..)]. 



Here, again, it is evident that the considerable number of cases arising (by 
half-yearly lapse) at the central duration of 7 months are correctly tabulated ; 
and that, so far as the cases arising at equidistant points on opposite sides of 
this central duration are equal in number, the sum of the errors will be zero. 
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[It may be added that, so far as the number of withdrawals in the interval 
6 — 7 months differs from that in the interval 7 — 8 months, the adoption of a 
central groups — including all durations from 6 to 8 mdnths, half the cases 
falling in which are given a tabular duration of i month, and the other 
half of 13 months, — evidently gives a closer approximation to the true 
duration of the cases included in the group, than the alternative plan of 
taking a central point of 7 months' duration, at which precise duration 
cases are referred alternately to durations of i month and 13 months, 
whilst all durations below 7, are classed as i month, and all above 7, as 
13 months.] 

The second group (2—6 months' duration) and the fourth group (6—12 
months' duration) may be considered together ; and the durations may most 
conveniently be reckoned from the central point of 7 months. We then 
have, for the aggregate true exposures*: — 

Second Group: — Fourth Group: — 

5[(a»,-,)(7-0] SCK+^Xt+Z)] 

The tabular durations are, in the second group, (o+i) months, and, in the 
fourth group, (12 + 1) months, and amount in the aggregate to 

5 (a/,.,) and 2(130/,+,). 

The aggregate errors in the two groups thus amount to 

5'[Kw)(/-6)] and '2[K+,)(6-/)]. 

It is evident that, taking two points w,./ and «/,+/, equidistant from the 
central point of duration, the respective errors (/— 6) and (6—/) are equal 
in amount but contrary in sign, so that, if w^^ and w^^ are equal numbers, 
the sum of the errors will be zero. 

[An alternative method of tabulating the withdrawals falling in the second, 
third, and fourth groups (2*-i2 months' duration), would have beep, to give 
all the cases included in the group an average duration of 7 months. As 
regards the central group (6-8 months) this method would have given results 
identical with that adopted. As regards the second group (2-6 months), and 
the fourth group (8-12 months), the alternative method would, however, have 
introduced the maximum error at the end of the year, where (from the 
preponderance of surrenders) the number of cases would also tend to a 
maximum ; whilst, by the method adopted, the minimum error is throughout 
introduced, where the number of cases is at a maximum.] 

In the following graphic illustration of the application of the method, 
the distribution of 1000 cases of withdrawal over a typical policy-year is 
shown, according to the nearest month of actual duration, the figures being 
deduced from the distribution of the 4,688 cases shown in the total line 
of Appendix G. 
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- MODIFIED NEAREST DURATION METHOD. 



Duration 



Number \ 3Q 



of Cases. 



Grouped \ 
Numbers / 



Tabular \ 
Duration/ 

True ) 
Duration f 

Total 
Error 



Average 
Error 



{ 



POLICY 



YEAR. 



6 



8 



9 



10 




552 29 

611 
X I 

611 

+ I 

+ rfr 
+ (O days) 




16 28 



46 



13 



10 



9 



107 

X I 

+ 107 + 

+ 402J + 

295J 

2i - 

- (82J days) - 



142 14 
165 

1,155 
i,i58i 

3i 

(* day) 



Hpi 



21 



+ 

+ 

+ 

+ 



II 



1^ 



(13) Months.* 



I 
I 

'•ft ^sa^* 
I 
• 

I 



36 26 



21 



U7 
1,521 

I,I92i 

328i 

c ^* 
(04 days) 



IfOOO Cases. 



= 3,394 Months 

= 3,364 
- +30 
= +dhr 



,f 



,» 



>> 



= +(Aday) 



* It will be understood that the attribution of 23 months' tabular duration to the cases having actual 
durations of upwards of 8 months, does not involve the prolongation of their exposures into the following 
policy-year, all durations being included strictly in the year in which they arise; so that, for instance, 
X2 cases of withdrawal, each with a tabular duration of 13 months, would be treated as equivalent to 13 cases, 
exposed throughout the policy-year. • 

The arrows show graphically the reference of the cases to the points of 
duration i, 7 and 13 ; the length of the respective arrows show the extent of 
the error involved in the tabular duration ; whilst equal compensatory errors 
are shown by arrows pointing to the right and left hand on the same 
horizontal line. Below the diagram are shown the grouped members in 
respect of durations (0—2), (2—6), (6—8), and (8—12) months respectively; 
and the tabular and true durations are then deduced and compared^ with the 
resulting error in each group. 

The tabular duration would in practice be deduced, by one or other of 
the following processes, to the nearest integer : — 



(i) by arithmetical computation : — 



i6S 



1000 



2 



+ 117 + -—- =83+117+83=283 years (3,396 months). 

1 2 



(ii) by transfer (a) to the beginning of the year, (duration o) of 



165 _ 



165 _ 



6ii + io7H ^=800 cases; (^) to the end of the year, of 117 H ^=200 

2 2 

cases ; and {c) by further transfer, from the beginning to the end of the year, 

of =83 cases. The resulting tabular duration is thus (200+83) =283 

years, as before. 
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It will be seen that, as might be anticipated by th/s above theoretical 
investigation, the errors in the group (0—2) months and (6—8) months 
are quite insignificant; whilst the aggregate errors in the other groups 
(2—6) months and (8—12) months, —295 J months and +328 J respectively, 
are contrary in sign, but do not materially differ in amount, the sum of the 
errors in these two groups being +33 months only, in respect ot 224 cases. 
It will be further seen that this error arises solely from the number of cases 
in the group (8—12) n;ionths, 117, being greater than the number in the 
group (2—6) months, 107. 

This excess in the group (8—12) months will usually be found in the 
third and following years of assurance (see Appendix G, pp. 92, 93), and no 
doubt chiefly arises from the tendency of the cases of surrender towards the 
end of the policy-year; and it is to be remarked that the amount of the 
error thus involved is reduced, in proportion as the cases of surrender 
congregate towards the end of the policy-year, where the difference between 
the tabular and true duration is at its minimum value. 
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Appendix N. 
ENDOWMENT ASSURANCE EXPERIENCE. 



COMBINED «OLD*> AKD "NEW" ABSUBANOES WITH AND WITHOUT PBOFITS. 



SELECT TABLES. 



ALL AOES AT ENTBT. 



Distribution over last Policy Year of Assurance of 10,000 Oases maturing 

on the Quinquennial Birthdays 

60, 66, 60, 65. 



Interval by which 

Maturity 

follows Policy 

Anniversary. 


Cases Maturing on Actual Birttidat 6x. 


Interval by which 

Maturity 

follows Policy 

Anniversary. 


60. 


66. 


60. 


66. 


Maturities falling in Tabular Tear of Age (6«— 1) to (5x). 1 


6- 7 Mos. 


1 86 


132 


261 


15 


6- 7 Mos. 


7- 8 Mos. 


176 


127 


281 


29 


7- 8 Mos. 


8- 9 Mos. 


161 


103 


302 


44 


8- 9 Mos. 


9-10 Mos. 


156 


no 


213 


15 


9-10 Mos. 


lo-ii Mos. 


186 . 


78 


232 


39 


10- 1 1 Mos. 


II-I2 Mos. 


188 


147 


217 


39 


11-12 Mos. 


Total 


1,053 


697 


1,506 


181 


All ages. 
3,437 


Mean Duration in 
Tabular Year of 
£xit ... 


Mos. 
9-017 


Mos. 
8*953 


Mos. 
8*849 


Mos. 
9*334 


Mos. 
8-947 


Maturities falling in Tabular Tear of Age (dx) to (5x+lX 


O- I Mos. 


889 


469 


1,139 


144 


0- I Mos. 


I- 2 Mos. 


354 


186 


447 


59 


I- 2 Mos. 


2- 3 Mos. 


281 


166 


276 


56 


2- 3 Mos. 


3- 4 Mos. 


249 


134 


305 


42 


3- 4 Mos. 


4- 5 Mos. 


210 


122 


288 


39 


4- 5 Mos. 


5- 6 Mos. 


244 


112 


323 


29 


5- 6 Mos. 


Total 


• 

2,227 


1. 189 


2,778 


369 


All ages. 

6,523 


Mean Duration in 
Tabular Year of 
£xit ... ... 


Mos. 
2*172 


Mos. 
2-155 


Mos. 
2*185 


Mos. 
2-121 


Mos. 
2*172 


Grand Total 


3,280 


1,886 


4,284 


550 


10,000 



los 



Appendix O. 

METHODS OF DEALING WITH CASES OF DEFECTIVE DATA 

AS TO DATE OF EXIT. 

In some cases under the several modes of exit (Death, Withdrawal, or 
Termination) the records in the Companies' books only sufficed to supply 
the calendar year of exit, and in order to obtain an approximation to the 
records in a form adapted to the compilation of the experience, certain 
assumptions became requisite. These were as follows : — 

In the Whole-Life Class (Male lives), which formed the major portion 
of the Assurances, the Deaths and Withdrawals were respectively sorted into 
six groups, according to the month of entry, as under : 





Months of Entiy. 


Mean date of Entry. 


(i) 


January and February 


I February 


(ii) 


March and April 


I April 


(iii) 


May and June 


I June 


(iv) 


July and August 


I August 


(V) 


September and October 


I October 


(vi) 


November and December 


I December 



Deaths,— In these cases it was only required to mark the curtate 
duration at exit upon the cards, and this was determined upon the basis of 
an assumed uniform distribution of deaths through the calendar year, so 
that in group 

(i) The calendar year of exit was modified by — i, in i case out of 12 ; 

(ii) do. do. 3 cases out of 12; 

(iii) do. do. 5 do. 

(iv) do. do. 7 do. 

(v) do. do. 9 do. 

(vi) do. do. II do. 

Withdrawals. — Here it was found from the typical data (see 
Appendices G, H, and K). that about half the cases were lapses on the 
anniversary, and accordingly, in each of the groups, half the cases were 
treated as such and were marked with the curtate duration, calculated from 
the difference between the calendar years of entry and exit; the fractional 
duration being recorded as W(i). 

For the remaining half of the cases, an assumption was made of an even 
distribution through the calendar year ; and the cases were so divided that, 
when stamped with an integral duration and the fractional duration W(i), they 
would supply in the aggregate a correct mean duration for the whole of the 
cases of the section. 
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This was carried out by means of the modifications set out in the 
following Schedule : — 

Tabular Distribution of an assumed body of 144 Withdrawals in a given 
Calendar Year over the Year of Assurance current at exit 



Entrants in 


Mean Date 
of Entry 


Modified 

Central 

Date of 

Policy-Year 

7 Months 

later 


NuHBSR OF Casks in which thk 
Year or Exit must bb 


Hkncb Modify 
YxAB OF Exit 


NotMo<11fied. 


Modified 
by-1 


Modified 
by 4-1 


Lapses 

on 
Anniver- 
sary 


Other Withdrawals 


By 


In 1 Case 
ontof 


Jan., Feb. 
Mar., April 
May, June 
tJuly, Aug. 
Sept., Oct. 
Nov., Dec 


I Feb. 
I April 
I June 
I Aug. 
I Oct. 
I Dec. 


I Sept. 
I Nov. 
I Jan.* 
I Mar.* 
I May* 
I July* 


12 
12 
12 
12 
12 
12 


• 8 
10 

12 

10 

8 

6 


• • • 

• • • 

2 

4 
6 


4 

2 

■ • • 

• • • 

• • • 

• • • 


+ 1 
+ 1 

• • ■ 

-I 
— I 
-I 


6 

12 

• • • 

12 
6 

4 



* In following calendar year. 

t Example. — In dealing with a group of 24 cases, effected between ist July and 31st 
August, 1864, and emerging by Withdrawal in the calendar year 1884, the central date of 
entry was first taken as ist August, 1864. In accordance with the principles of the 
'' Modified Nearest Duration Method," the nearest points of reference (for cases withdrawing 
in 1884) were then taken either as ist September, 1884, or ist September, 1883. ^^ ^^ 
then assumed {a) that 12 cases withdrew by yearly lapse, and thus passed out of observation 
on 1st September, 1884 ; {b) that 10 fiirther cases withdrew between ist March and 31st 
December, 1884, with ''nearest" duration as at 1st September, 1884, and (c) that the 
remaining 2 cases withdrew between ist January and 29th February, 1884, with *' nearest " 
duration as at 1st September, 1883. 

Note. — As far as practicable, the ''cycles" for modification were applied within each group 

of cases, at the same age at date of assurance and duration. 

A similar plan was followed in dealing with the cards relating to other 
classes of assurance, but the number of cases with defective date of exit 
being smaller, the cards were divided into groups embracing three months in 
lieu of two. 

Terminations. — In dealing with these cases, regard was had to the 
class of assurance to which the particulars related, so that — 

Temporary Assurance cases were treated as emerging on the policy 
anniversary falling in the calendar year of exit recorded. 

Endowment Assurance cases were treated as follows :— If the calendar 
year of exit was one wherein the life assured would attain an age which was 
a multiple of 5, then the birthday in that year was adopted as the date of 
exit; but if the calendar year corresponded with one which gave the assurance 
duration as a multiple of 5, then the policy anniversary was adopted as the 
date of exit. 

All other cases of Terminations whereof the date of exit was defective, 
were dealt with upon the assumption of an even distribution through the 
calendar year, and the ** cycles " used were such as would give the assumed 
nearest duration. 
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Appendix P. 

METHODS ADOPTED FOR COLLOCATION OF DUPLICATES. 

' I. Chronological Sorting. — The cards being already, for purposes of 
marking the Ages {^ide Appendix D suprd) in half-years of birth, were sorted 
within each year into strict order of day and month of birth. A comparison 
of the cases where the lives were born on the same day was then made, it being, 
of course, necessary for the operator to reduce the cards to an alphabetical order 
of surname, unless, as in the case of the years of birth embracing the largest 
number of cases, this had been carried into effect by other hands. The cards 
relating to persons of the same name, born on the same day, and wherein 
other particulars were not inconsistent, were placed in an envelope as 
Duplicates. The form of the envelope (see specimen below) was such as to 
take the lower half of the cards, leaving the name distinctly visible, and thus 
requiring no writing or marking upon the envelope. 



New Policies. ' 

NO.. £ 


\ 


CLASS PROFIT OR Nnx 1 


{ 


:: 


LIFE X 


I 


DATE- D. M. 
OF BIRTH .T: 


YSAB. 

18. 






/ 




/ \ 



Cards wherein the particulars were not in accord, but nevertheless left 
some presumption of identity y were set aside as Doubtful Duplicates, These 
cases included (i) those of identity of surname, with difference of Christian 
name, as revealing possible error in the transcription of Christian name, 
especially in cases of the same initial, e,g.^ David and Daniel, or of more 
names on one card than on the other, (ii) Cases of a varied spelling of the 
surname, shewing possible corruption, ^.^., Burnes and Barnes. These 
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variations sometimes occurred even in the first letter, and the memory had to 
be kept well in use to bring together such varieties as Cridland and Pridland. 
(iii) Cases of apparent perversion of the order of names, or of omission of 
surnames (the last Christian name appearing in its place), (iv) Cases of 
identity of name and date of birth, but with . other particulars inconsistent 
with their relating to the same life, e,g,y different dates of death, or death in 
one case whilst another policy appeared to be subsisting at a later date. 

A preliminary enquiry was made, after a certain proportion of cases had 
been so dealt with, in order to obtain from the Offices some information 
which should form a statistical basis for guidance in dealing with these 
varieties of doubtful duplicates, and a range was given to the cases set aside, 
for this enquiry to cover names of greater and less frequency. Of those with 
different Christian names, many, of course, referred to different lives, of 
different antecedents, &c., but many cases were found, in reply to enquiries 
directed to this end, to refer to twins, whilst not a few shewed evidence of 
clerical error, either as to name, on correction of which the cards were found 
to refer to the same life, or as to date of birth, which removed all appearance 
of possible identity. 

In many cases the day of the month of birth was not supplied, and in 
each month of each year the cases of this type were kept before the operator 
for comparison with the cards relating to the several days. 

II. Alphabetical Sorting. — A, Male Lives. — Within each year of 
birth, the cases where only one card appeared to subsist in respect of one 
life, and the packets of cards in their envelopes relating to Duplicates, were, 
in each class of Assurance, in respect of each year of Birth, next sorted into 
complete alphabetical order. In doing this, cases of titled persons, where 
the surname was sometimes given and sometimes the title, and where the 
title had changed, and cases also of other changes of name, were kept 
separate for comparison under each of the names so appearing. In com- 
parison of the cards under this second sorting, a check was effected upon the 
previous collocation, and corrections of omission or wrongful inclusion made. 
Further new varieties of '* Doubtful Duplicates " arose, being those wherein 
were brought together cards relating to persons of. the same Christian names 
and surnames and born in the same year, but (i) either on different days of 
the same month ; (ii) or on the same day of different months ; (iii) or on 
different days of different months. In order that these varieties, as well as 
those derived from the previous sorting, might be dealt with in the most 
uniform and trustworthy manner, and seeing that a large number of 
juniors were employed upon the work, the plan was followed of 
setting aside uniformly all cases of the types mentioned, leaving to a 
smaller and selected body of seniors to discriminate between the cases 

(a) which from commonness of the name, and absence of other 
similarities, might reasonably be presumed to relate to different lives; 

(b) which from the evidence of the cards, might reasonably be assumed to 
relate to the same life; {c) where the information on the cards was not 
sufficiently definite to substantiate the identity, and the commonness of the 
name was not sufficient to justify presumption of non-identity. From the 
above sortings were omitted those cases where the data as to birth were 
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defective, which were mainly of two .varieties : age at entry only given ; 
and year of birth only given. As these latter were considered untrust- 
worthy, being often only a "Valuation Year of Birth," all the varieties were 
treated homogeneously. Each variety was sorted into alphabetical order of 
surname, and the internal duplicates were brought together and encased in 
envelopes. An assumed mean year of birth (derived from the age at entry) 
was recorded upon the cards, and subsequently, the cards for each year of 
assumed birth were compared with the corresponding cards with full data 
for the three years of which the assumed year was the central one, and 
a large number of duplicates was thus discovered. 

• On account of the volume of the data, a complete alphabetical sorting 
would have been unsatisfactory, in view of the large number of cards relating 
to common names leading to questions of possible identity, e.g.^ it may be 
roughly estimated that the experience included 



11,200 ca.ses 


of Smith (say 


2,000 


John and William Smith) 


4,600 


99 


Brown 






2,120 


it 


Wright 






2,100 


• 


Moore 







not to mention many other names, as Claris, Martin, &c. An experimental 
combination was however, made of a group of years, but it may be stated 
that the resultant additional number of evident duplicates so found was not 
appreciable. A very great source of difficulty in the course of the collocation 
of duplicates was found in the large number of cases of the same name, even 
if the name were not one of the most usual. In bringing together cases of 
the same name, if the policy emerged by death, it was possible in most 
instances to decide from the date of death whether the cards in reality 
referred to the same life, but in the case where one or both of the 
policies were withdrawn from observation by lapse or surrender at an 
earlier date, or where one or both policies were existing in 1893, clearly 
no case arose for any presumption of identity, so that it would of course be 
quite possible to identify cases of death without corresponding identification 
of cases not so eventuating. Furthermore, from the records on cards when 
dates of death and names (not very common) agreed entirely, and from 
some typical inquiries, it appeared that the date of exit in the case of 
deaths was not invariably the actual date of death, but was the nearest that 
the books of the contributing company were competent to supply, varying 
from the date of notification to the date of payment. The cases of defective 
date of exit where the year only was given, and that sometimes an Office 
year, in place of the true calendar year, as well as those cases where a 
mean date had been computed from the records and entered in the experience 
cards, formed a conspicuous feature of difficulty. All these cases of doubt 
gave rise to a large group of cases in regard to which inquiry might have to 
be made of the Offices for further particulars as to address and occupation 
for comparison. As such a course was quite impracticable on such a large 
scale, a series of rules, given below, was framed for dealing with such cases, 
and the carrying of these into effect was entrusted to seniors who had become 
well versed in the frequent recurrence of particular types of coincidence. 
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RULES FOR DEALING WITH "DOUBTFUL DUPLICATES" 

ARISING IN THE SUCCESSIVE STAGES OF THE 

COLLOCATION OF DUPLICATES. 

WHOLE-LIFE AND ENDOWMENT ASSURANCES. 
WITH AND WITHOUT PROFITS. MALE LIVES. 

1. Throw out all cases of duplicates between Sections. 

2. Slight discrepancy in spelling of surname or Christian name. 

Ignore, where other particulars afford strong probability of identity. 

3. Name, and day and year of birth agree. Months of birth 

differ. 

(a) Assume identity only in those cases where the name is rare, 
or the dates of death substantially agree. 

{b) In other cases, assume non-identity. 

4. Name, and month and year of birth agree. Days of birth 

differ. 

{a) Assume identity only in cases where the name is very rare, or 
the dates of death substantially agree. 

{b) In other cases, assume non-identity. 

5. Name and year of birth agree. Days and months of birth 

differ. 

{a) Assume identity only in cases of very exceptional names, or in 
case of other very strong presumptive evidence of identity. 

{b) In other cases, assume non-identity, 

6. Date of birth and surname agree. Christian names differ. 

(a) Where dates of death absolutely agree, assume identity. 

{b) Where dates of death differ by more than three months, 
assume non-identity. 

{c) Where the initials are the same and the name not very common, 
assume identity, unless other particulars furnish probability 
of non-identity. 

{d) Where the name is rare, but other particulars do not confirm 
identity, set aside for enquiry. 

7. Name agrees. Days, months, and years of death all differ. 

{a) Where dates of death differ by more than three months; 
assume non-identity. 

{b) Where dates of death are within three months : — 

(/) In common names, assume identity — only if dates of 
birth are the same. 

(it) In uncommon names, assume identity — ^if the whole 
particulars afford reasonable grounds. 
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8. Defective Data. 

(a) Where the defective data as to birth or exit are not inconsistent 
with the particulars on other cards : — 
Assume identity if the name is the same, and reasonable 
grounds exist. 

(d) Where the defective data as to birth or exit are inconsistent 
with particulars on other cards : — 
Assume non-identity — unless there exist very strong pre- 
sumptions of identity. 

9. In all the above Sections— 

Set aside cases not covered by the rule, for enquiry of the Offices. 

After application of the above rules, there still remained 2,110 cards to 
return to the Offices, relating to 784 cases of possible identity. Of these 
cards, 966, representing 391 cases, related to queries as between two or 
more cards contributed by the same Office, and 1,114, representing 393 cases, 
to those as between cards contributed by different Offices. 

Upon return of the cards, the following results were observed : — 

Inquiries as to apparent identities, referred to the same Office in 391 
cases, succeeded in establishing identity in 288 cases. 

Inquiries as to apparent identities, referred to different Offices in 393 cases, 
succeeded in establishing identity in 214 cases. 

Female Lives. — The same general principles were followed in the 
collocation of Duplicates, with the following differences: — 

1. Owing to the numerous cases of change of name by marriage and 
re-marriage, it was necessary to form separate alphabetical sortings, for 
comparison with the other cases of each of the names given. For this 
purpose, in the first or chronological sorting, the name alphabetically first 
was underlined, and in the alphabetical sorting the cards bearing more 
than one surname were sorted according to the name alphabetically first. 
In the course of the comparison of the cards in such alphabetical 
sorting, after the duplicates had been brought together, the cases of 
more than one surname were separated from the main body, and 
sorted according to the name alphabetically second, an additional stage 
being introduced for re-comparison of these cases, both internally, and also 
with the main body, for the discovery of further duplicates. The few cases 
with more than two names were also specially compared to the same end. 

2. Owing to the small body of cards, it was practicable to arrange a 
complete alphabetical sorting, independently of the year of birth ; and where 
cases seemed to point to possible identity of the lives, flagrant discrepancies 
in the dates of birth notwithstanding, the cards were set aside, for inquiry 
of the contributing Offices as to the correctness of the data. 
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Appendix Q. 

RULES FOR DISTINCTIVE MARKING OF THE CARDS 

FOR THE ELIMINATION OF DUPLICATES 

(WITH NOTES THEREON). 

WHOLE-LIFE AND ENDOWMENT ASSURANCES. 
WITH AND WITHOUT PROFITS. MALE LIVES. 

Note (A). Duplicates are only to be dealt with within their own sections 

taken separately, viz. : — 

Old OP New OP Old EP New EP 
,, ON „ ON „ EN „ EN 

(B) Independent risks upon the same life are to be treated as though 

on different lives, whether (a) they occur before any of the 
cards have been marked, or (d) after the cards marked X 
(in accordance with the following rules) have been set aside. 

(C) In the case of Terminations on the anniversary (or the day before) 

in 1893, or of Withdrawals on the day of the anniversary in 
1893, alter the mode of exit to Existing. 

OLD ASSURANCES. 

Rule i. If there be only one card upon any life in any particular section 

mark it S.^t 

2. Arrange the cards upon the same life according to Age at Entry, 

and for each age at entry select one card, viz., the one having 
the earliest day and month of entry in the calendar year 
(such case coming first under observation in 1863). If there 
be two or more cards having the same day and month of 
entry, select the one having the longest duration. Mark all 
the other cards X in the left-hand top corner. 

3. From among the unmarked cards select the earliest entrant under 

observation * — i.e., where the day and month of entry is the 
earliest in the calendar year (irrespective of whether such be 
or be not the earliest assurant). 

a. If such selected case further either (a) be Existing in 1893 ; 
or (d) record a Death ; or (c) have a date of exit later than that 
of any other upon the same life in the section : — 

(/) Mark the card S.^. 

(//) Mark the remaining cards S* 

p. If such selected case does not fall within the above section a, 
place the cards in order of dates of entry in 1863.* Remove 
all cards {a) in which the dates of exit fall within the currency 

* If there be two or more cards having the same day and month of entry, treat the 
one having the earliest year of entry as the earliest entrant under observation. 
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of an earlier policy, and (d) of which the dates of entry in 
1863 are later than that of any card, which either is existing 
in 1893 or records a Death; so that the remaining cards shall 
form a series in the same order of exit as of entry in 1863. 

(1) Mark the cards removed S. 

(//) Mark the first card of the series P.D, 

(«V) Mark the remaining cards P»D, in the left-hand top corner, 

and A to the right of the duration of the policy; and 

place the cards so marked P.D, and AD. in an envelope. 

NEW ASSURANCES. 

Rule 4. If there be only one card upon any life in any particular section, 

mark it S«^* 

5. Arrange the cards upon the same life according to Age at Entry, 

and at each different age at entry select the earliest entrant, 
marking the remainder X« 

Note. — If there be more than one card with the same day 
and month of entry, select the one with the longest 
duration. 

6. From among the unmarked cards select the earliest assurant. 

a. If such selected case further either (a) be Existing in 1893; 
or (d) record a Death ; or (c) have a date of exit later than that 
of any other card upon the same life in the section : — 

(/) Mark the card St^. 

(//) Mark the remaining cards S* 

fi. If such selected case does not fall within the above section a, 
place the cards in order of age at entry. . Remove all cards 
(a) in which the dates of exit fall within the currency of an 
earlier policy, and (i) of which the dates of entry are later 
than that of any card which either is existing in 1893 or records 
a Death ; so that the remaining cards shall form a series in the 
same order of entry as of exit. 

(1) Mark the cards removed S* 

(//) Mark the first card of the series P.D, 

and {tit) Mark the remaining cards P»D. in the left-hand top corner, 

and A to the right of the duration of the policy ; and 

place the cards so marked P.D, and P.D. in an envelope. 

OLD AND NEW ASSURANCES. 

Rule 7. Take the P.Dt and P,D, cards, and in the space allotted on the 

stamp A , enter the nearest integral duration on the 

card so marked, calculated from its own date of entry to the 
date of exit of the case immediately preceding in the same 
section. 
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Appendix R. 
MINOR CLASSES OF ASSURANCE. 
Select Tables. Aggregate Tables. 



ASSURANCE DATA 1863-1803 

Select Tables. CLASS 


M 


Asauring Age 














Dum. 


Old, 


New. 


Total. 


P 


N 


P 


N 


0. 
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ASSURANCE DATA 1863-18^ 

CLASS 


M 


Aggregate Tables J 




1 










« 




Age. 


Sect»- 


P 


N 


P+N 




Old 

New 

O.&N. 
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New 
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Cards of the form (a) were employed for the record of the numbers of 
entrants and emergents in the Minor Classes of Assurance. The particulars 
in the four Sections, Old and New Assurances, Participating and Non- 
participating, were separately recorded, and were totalled, on the cards. 
Separate cards were employed for Entrants, Deaths, and Existing; for 
Withdrawals, in four kinds, W<^>, W(4), W(7), anci W(^o), and (deduced from 
these, where required), in two kinds, W(«), and W^); also for Terminations, 
where required, in two kinds, T(^> and T^*^). 

In the classes of Contingent Assurances (Males), Temporary Assurances 
(Males), Joint Assurances (Males), and Joint Assurances (Females), the 
" Assuring age " at the head of the card included grouped ages, as follows : — 
0-17, 18-22, 23-27, .... 58-62, 63-end. In the classes of Whole Life 
Assurances with Limited Premiums, and with Ascending scale of Premiums, 
a card was employed for each separate Assuring age. 

Abstract of Data cards of the form (d) were employed for the record of 
the data for Aggregate Tables in the following Minor Classes of Assurance : — 
Joint Assurances (Males); Joint Assurances (Females); Whole Life Assurances 
with Limited number of Premiums (Males) ; Whole Life Assurances, with 
Ascending scale of Premiums (Males). The particulars in the four Sections, 
** Old " and " New," Participating and Non-participating Assurances, were 
separately recorded, and were combined, on the cards. Each card included 
the record of five successive ages attained. Separate cards were employed 
for Entrants, Deaths, and Existing ; also for Withdrawals, in four kinds, W(»), 
W<4), W(7), and W<">, with the deduced values W(«) and WW, where required ; 
and for Terminations, where required, in two kinds, T(«) and TW. 

[Cards of the form (d) were also conveniently employed for combining 
the data in respect of "Old'' and **New" Participating and Non-Participating 
Assurances, for Whole-Life Assurances and Endowment Assurances.] 
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Appendix S. 

AS TO DATA REFERRED BACK TO CONTRIBUTING OFFICES 
* ^ FOR EXAMINATION AND CORRECTION. 

(i). Queries to Offices. — At the different stages of the work there came 
under notice various categories of cases which required special treatment, as 
well as those which it was necessary to refer to the Offices for correction or ^ 
elucidation, or for addition to the particulars recorded upon the cards. These 
cases may be divided into two main classes of Single Card Queries and 
Inter-card Queries, 

(2). Single Card Queries. — (i). These included, in the first place, 
cases where the data supplied on the card were defective in any respect. 
If these fell within the categories given as " Defective Data as to Birth " or 
" Defective Data as to Exit," already referred to in Appendices E and P, they 
were dealt with as thereunder described. In cases where the cards gave 
neither age, nor date of birth or baptism ; date, but no mode of exit ; or 
mode, but no date of exit ; or, where the class was omitted, or was not in 
accordance with the provisions of clause (12) of the Instructions, it became 
of course necessary to return the cards to the Office for the supply of the 
necessary data. There also arose, under the sortings preparatory to the 
record of ages and durations, cases in which the dates were inconsistent, 
those of birth, entry, and exit, not being in chronological order, or otherwise 
impossible dates. These were necessarily referred to the Offices for correction. 
Cases where the dates of exit were prior to the anniversary in 1863, or the 
dates of entry later than 1892, were of course excluded: whilst those with 
dates of exit later than the anniversary in 1893 had to be altered to 
"Existing " on the anniversary in 1893. In the same way, in cases taken out 
before 1863, written on " New" cards, and cases taken out in 1863 or after, 
written on " Old " cards, particulars were re-written on cards of the correct 
form. * ' 

(3) (ii). The next type of " Single Card Queries " arose under the head 
of Collocation of Duplicates, and related to Names. In some cases, the 
name was either absent or incomplete (Christian name or initials omitted). 
In many cases, the name of what appeared to be a female life was entered 
on a white card (for male Lives) and vice-versa — or the sex was doubtful, in 
view of the name. In many cases, the cards were correctly written, the names 
being given in opposition to usual custom (^.^., John to a female life — ^Alma 
to a male life, born on the day of the Battle, &c.). Where, however, it 
seemed evident that the particulars on ^ pink card (for female lives) related 
to a male life, the particulars were re-written on a white card. In the case, 
however, of particulars under the name of what appeared to be a female life 
being given on a white card, the cards were divided into two categories : — 
(a) If the assurance was taken out before the coming into force of the 
Married Women's Property Act, 1870, the particulars were re-written on a 
pink card, {b) If taken out subsequent to that Act, inquiry was made at the 
Office as to whether the name was correctly given, or whether the name 
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supplied was that of the beneficiary, and not that of the life assured. Under 
this heading 209 cases were referred to the Offices, 136 on white cards and 
73 on pink caids, in which it was doubtful whether the sex of the life was 
correctly indicated by the colour of the card, of which in 107 and 45 cases 
respectively it was found that the sex, as indicated, was incorrect. 

(4) (iii). In the course of the scrutiny of the cards there arose other forms 
of query as follows: — (i) Withdrawals at advanced ages, if under policies 
of long standing, were in many cases referred to the Offices for confirmation 
of the mode of exit (2) In the Endowment Assurance class, deaths on 
the quinquennial birthday were referred to the Offices, and also cases near 
to the quinquennial birthdays 50, 55, 60, 65. Of these latter cases, 702 were 
referred to the Offices, and 21 proved to be incorrectly recorded 
as deaths. (3) Cases marked with mode of exit "T" in the Whole Life 
class, unless a note under the heading "Remarks" such as "Void by 
non-payment of extra premium," or as to change of class, satisfactorily 
explained the mode of exit. Many cases of " Suicide " were so treated by 
the Offices in writing up the cards, apparently because the full sum assured 
had not been paid. In these latter cases the mode of exit was altered to 
"Death." In all unexplained cases, inquiry was made of the Office for 
a satisfactory explanation. (4) Miscellaneous cases of exceptional data, 
such as assurances withdrawn after a very small interval, and others where 
the data seiemed to cast suspicion on the correctness of the record. From 
inquiries of this type the necessity was discovered of the special treatment 
of the large and important body of " Transferred Office " cases, which are 
dealt with later on. (5) Small Paid-up Policies. In this case, the necessity 
of special treatment in all cases was revealed by the nature of some 
exceptional cases arising under queries between cards, and the treatment 
thereof is recorded below. (6) Cases where there had been an alteration in 
class were set aside, and afterwards re-examined, to see that the class at 
the head of the card was that under which the policy was originally taken 
out; and, where necessary, alteration was made to give effect to this. In 
addition to the above, there were many cases in which the class, as indicated, 
required explanation, or where the class was not one intended by the 
Instructions to be included in the assurance data. Under this type, 1,271 
cards were excluded. 

(5). Inter-Card Queries ; or queries arising as to the correctness of 
the data on one card, in view of the record of data upon other cards. — 
The majority of these cards necessarily arose under the stages of the 
" Collocation of Duplicates," and related to the records which presumably 
related to the same life. Many of these types have been already dealt with 
under the heading of " Doubtful Duplicates " {see Appendix P), and 
reference need only now be made to some other cases, requiring special 
treatment or inquiry of the Offices. . .l 

(6) (i). Substituted Policies. — (a) In many cases, independent cards 
had been written, where one policy had been substituted for another; and 
at the same time a note of such substitution was made on one or both of 



117 

the cards. As it was intended that only one card should appear, and that 
bearing the record of the whole period of risk, effect was given to such 
mtention by modification of the earlier, and exclusion of the later^ card. 
{b) In many cases, however, whilst there was no note of a substitution of one 
policy for another, it appeared that, at the time of cancelment of one policy, 
or within one month of such date, another policy was taken out for the 
same or a different amount in the same Office. As it would be the 
practice in many Offices to take such cases without fresh medical 
examination, if either the amount was not increased, or the mode of 
payment of premium not altered so as to increase the Office liability, it 
seemed clear that, even though the case might not be purely a substitution 
of one policy for another without modification of the premium, yet the 
risk was not one of "fresh selection" at the increased age. In these cases, 
when the sum assured, under the second policy, was the same as, or less 
than, that under the earlier policy, the risks were dealt with as follows : — 
Where the ratio of the premium to the sum assured appeared to be reduced 
{e,g,y where the change was from the ordinary Whole-Life assurance by 
uniform premiums to that by Ascending premiums), the two cases were 
treated as independent risks at different ages at date of assurance. Where, 
however, the ratio of the premium to the sum assured appeared to be the 
same or greater {cg.^ where the change was from the ordinary Whole-Life 
assurance by uniform premiums to that by Limited number of premiums) 
the cases were treated as not independent, but dealt with as follows : — 
If the policy anniversary of the earlier case was earlier in the calendar year 
than that of the later case, the experience of the earlier case was extended 
to include that of the later case — but not beyond the anniversary in 1893 — 
the later card being excluded. If, however, the policy anniversary of the 
earlier case was later in the calendar year than that of the later case, then 
the later card was excluded, without extension of the period of the risk in the 
earlier case. By this means, the policy year method was retained, as though 
applied to the earlier case, and without introducing fractional periods of 
observation in the last year, if "Existing" in 1893 on the earlier anniversary 
of the later policy. 

(7) (ii). Lapsed Policies, — Most of the cases of query as between 
cards, related to data which would be inconsistent if the cards related to the 
same life, and of this type especially were those arising from the application 
of varying regulations as to "lapse," "revival," or "non-forfeiture." Thus, 
in some such cases, the assurance having been retained upon the Company's 
books for a definite period as subject to revival, was not written off as lapsed 
until the close of such period, and the period of risk was similarly recorded 
on the experience cards. In collocating the duplicates, it appeared from 
the records of other cards (contributed by the same or another Office) that 
the life assured had died during the period in question, hence giving rise to 
a record of " Withdrawal *' subsequent to that of " Death." In the case of 
duplicate risks, this was in part susceptible of correction; but in the case 
of unduplicated risks there was no possibility of correction of this source 
6f error, which thus tended to include a certain record of exposure without 
record of the corresponding deaths. 
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(8) (lii). Paid-up Policies. — ^The same difficulty was met with in the case 
of Paid-up policies, cases being found which recorded a death under one 
policy, whilst a second policy which had been made paid-up for a reduced 
amount was recorded as existing at the anniversary in 1893. It was evident 
in these cases that a proportion of these Paid-up policies (possibly written 
up under ''automatic non-forfeiture" regulations) had not matured into 
claims, 1.^., the deaths had not always been reported. To meet this difficulty, 
it was decided, in cases where the Paid-up policy was small in amount, both 
actually and relatively, to terminate the observation under the original 
assurance, at the date of the grant of the Paid-up policy. This was done 
in respect of all cases in which the Paid-up policy was for less than ;^20, 
and at the same time was less than 5 per cent, of the original sum assured. 

(9) (^v)' Joint Life Assurances, — Another stage of queries from the 
collocation of cards arose, in the case of Joint Life assurances, when bringing 
together the constituent cards relating to the different lives, assured under 
the same policy. A large number of queries as to inconsistency of the data 
and possible errors were dealt with by this means. The most frequent sources 
of error were: — (i) Reporting both lives "Died" on the same date, or both 
lives Terminated on the same date, when the card in respect of the life 
which died should alone have been marked "D" and the other "T"; 
(2) Cases of Last Survivor assurances written up as Joint Life assurances. 
Sometimes a footnote enabled the detection of these cases, and their 
exclusion from the observations, but in many instances they \frere only 
detected through the fact that more than one life was reported as " Died " 
and each case at a different date. From the number of these so discovered, 
it was evident that there may be a certain number of Last Survivor 
assurances still included, where the data would not exhibit the fact, !>., 
where the policy was " Withdrawn," or still " Existing " in 1893. 

(10) (v). Transferred Companies, — In the course of inquiry upon certain 
points arising in connection with cards contributed to the experience, it 
became evident that the different Companies had followed varying practices, 
in supplying the data of the risks taken over from other Offices. It became 
necessary, therefore, to make direct inquiries of all those Companies 
contributing to the experience, which had taken over the business of other 
Offices. For this purpose the inquiry was limited to transfers of business 
between 1863 ^"^^ 1893. A circular letter was then addressed to eighteen 
contributing Offices, in respect of twenty-seven Companies whose business had 
been transferred to them. In this letter, inquiry was made (i) whether the 
cards received from the Office included cards for policies issued by the 
transferred Company; and, if such were the case, (2) whether such cards 
were written up as {a) " Entering " at the date of transfer, or {b) " Entering " 
at the date of the original policy ; and further, in the case (^), (3) whether 
cards were written for cases in the transferred Company which ceased to 
exist between 1863 and the date of transfer. The replies received were of 
five classes, as under : — 

(A) Cards for transferred cases not written, and therefore excluded 
from the experience — 16 transferred Offices. 
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(B) Cards written for transferred cases, as from original date of 

entry, but omitting the cases which ceased to exist prior to the 
transfer — 5 transferred Offices. 

(C) Cards written for transferred cases, but with date of transfer as 

date of entry — 2 transferred Offices. 

(D) Cards written for transferred cases, as from original date of 

entry, and also for cases which ceased to exist prior to the date 
of transfer — 2 transferred Offices. 

(E) One contributing Company, in the course of the inquiries with 

regard to two transferred Offices, stated that prior to 1863 
they had absorbed a large number of other Companies whose 
registers they had used until 1866. In that year they 
commenced entering up new registers, embodying only those 
cases which then remained in force, the preparation of the 
new registers extending over a period of two years. In 
preparing the cards for the Mortality Experience, the 
Company had, in writing up the cards, supplied the original 
date of entry, but had omitted all cases which did not find 
place in such new registers — ^not only in respect of the 
Companies whose business had been taken over since 1863, 
but also in respect of nine Companies whose business had been 
transferred to them at earlier dates. 

(11). In Classes A and D no difficulty arose, as the cards were either 
correctly written, or not supplied. In Class C the date given as that of 
"Entry" was not that of selection, and it was therefore desirable to exclude 
the cases. Of the two Offices, one had supplied only some 150 cards, so 
that it was not worth while to take any corrective steps. In the second 
Office, the cards relating thereto bore the name of the transferred Company 
in the "Remarks," so that it was possible to identify and exclude the cards 
(1,549 cases). Classes B and E were of the same type, resulting in giving 
periods of initial exposure, without the corresponding deaths. For three of 
the five Offices included in Class B, the Companies were able to supply the 
additional data, and thus rectify the error, furnishing some 2,500 further 
cards. In one Company, the cards numbered only about 150, and no 
corrective steps were taken. In the case of the fifth Company, transferred 
in 1864, the data for the years prior to transfer were not available, and it 
became necessary to modify the cards, as explained below. To assist in 
identifying the cards, it was considered expedient to obtain duplicates of 
the cards required, by preparing a second set from tJie Office books, 
facilities for which were afforded by the Company. By this means it was 
possible to trace the original cards to their place under the various sortings 
then current, so that they might be dealt with, as hereafter explained. 

(12). In the case of the Company referred to under Class E, the cards 
affected by this error numbered some 12,000. In these cases, the cards bore 
special marks which enabled identification, and were separated from the main 
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body for examination, this operation being assisted by duplicate cards 
written up from the Office books. The cards relating to the transferred 
Offices contributed by the Company in Class E, and the Company, above 
referred to, included in Class B, were then dealt with as follows: — 
(i) "New" Policies, i>., those taken out after 1862, were excluded from 
observation. This was done so that the "New" experience might consist 
wholly of policies observed from entry. (2) " Old " Policies, which ceased 
to exist before their anniversary in 1869, were excluded from observation. 
(3) "Old" Policies in force upon their anniversary in 1869 were treated 
as coming under observation upon that date, in lieu of the anniversary 
in 1863 j thus bringing them all under observation, uniformly, upon an 
anniversary subsequent to the latest date of true entry under observation. 
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NOTES ON THE PRINCIPLES AND METHODS 



ADOPTED IN THE 



GRADUATION OF THE EXPERIENCE. 



(i). Having at the request of the Committee undertaken the 
graduation of the Mortality Tables, based upon the Annuitant 
Experience, and upon the Whole- Life Participating Assurance 
Experience (Males), I have drawn up the following memorandum 
as to the principles and methods employed. 

The mortality tables in question are as follows :— 
(i) Male Annuitant Experience. 

(2) Female do. 

(3) O'^ Table, representing the aggregate experience of the 

Whole-Life Participating class for male lives. 

(4) O^^s) Table, representing the aggregate experience of this 

class, excluding the first five years of assurance. 

(5) O^^J Table, representing the aggregate of the various 

select tables compiled from the experience of this 
class for each age at entry. 

It will be convenient to take these five tables in their order, 
stating, as briefly as is consistent with completeness, the methods 
adopted and the results arrived at in each case. 

ANNUITANT EXPERIENCE, O^^^J and 0^^/^ 

(2). The object of a graduation is something more than merely 
to remove the accidental irregularities in the ungraduated rates which 
are inherent in all statistical data. In the present instance, at any 
rate, the object is to provide a basis for the construction of financial 
tables which, while adhering closely to all important features of the 
original experience, shall at the same time be both safe and convenient 
in practical use. The uses which the graduated tables are to 
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subserve must therefore be borne in mind in any proposed treatment 
of the data. 

(3). It has now been long recognised in respect to the mortality 
of annuitants or assurants that the period elapsed from the date of 
entry is a factor only less important than the age of the life, and the 
results of the new experience show that the length of time during 
which this factor is operative is greater than has generally been 
supposed. In dealing with the annuitant experience, the advanced ages 
at which lives continue to enter render it specially important to take 
account of the element of duration, as annuity values based upon an 
aggregate table would differ materially from the true values of 
annuities at entry. 

(4). Owing, indeed, to the long period after entry during which the 
mortality rates are affected by the " self selection " of the annuitants, 
it is not sufficiently accurate to assume that after a period of five, 
or even ten, years the annuity values on select lives can safely be 
based upon an aggregate table. This is shown by the fpllowing 
comparison of the values of the ungraduated expectations upon select 
lives five and ten years respectively after entry with those deduced 
from the corresponding aggregate tables, excluding respectively the 
first five and ten years of duration.* 

Table I. 
Male Annuitants. 

Comparison of Values of ^x-shsi and of e[«.io}+ioi with Values by 

corresponding Aggregate Tables. 



Groups 

of 

Ages 


Mban of 10 Values of e^ 


Aggregate, 

excluding 

first 5 years 


Select 

(after 

5 Tears) 


Select Tables 


Aggregate, 

excludiiig 

first 10 years 


Select 

(after 

10 Years) 


Select Tables 


+ 


- 


+ 


- 


50-69 
66-64 
60-68 
65-74 
70-79 
75^84 


i6-6i 

13-87 
1 1 '24 

870 

6-51 
477 


16-39 
14-16 
11-38 

8-79 
6-6i 

S'i7 


• • . 
•29 

•14 

•09 

•10 
•40 


-22 


16-05 
13-22 
10-94 

^•52 
6-29 

4-60 


i5'38 

1375 
11-30 

8-55 
643 
4-64 


« • . 

•53 
•36 

•03 

•14 
•04 


•67 



* Note. — The extreme irregularity of mortality rates deduced from data classified with 
respect both to age and duration, makes it necessary to adopt some more certain and 
convenient method of measuring the duration of " selection *' than a simple comparison of 
the ungraduated rates, and the most convenient method will, I think, be found to be by 
comparison of the values oi Cx* As will be seen, extensive use has been made of this 
method of comparison. 
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Table II. 
Female Annuitants. 

Comparison of Values of 0[x-b]+6i and of 0De-io]+ioi with Values by 

corresponding Aggregate Tables. 



Gronpa 






Mean i 


DP 10 Values op 


«» 










1 








of 

Ages 


Aggregate, 
exciading 


Select 
(after 


Select Tables 


AgMCffate, 
excluding 


Select 
(after 


Select Tables 












first 5 years 


6 Years) 


+ 


— 


first 10 years 


10 Years) 


+ 


- 


60-59 


1978 


19-40 


• * • 


•38 


19*47 


19-59 


•12 


• • • 


65-64 


16-31 


16-35 


•04 




16-04 


15-86 


. • . 


•18 


60^69 


1302 


13-25 


•23 




12-82 


12-93 


-II 


« • • 


65-74 


io'o6 


10-23 


•17 




9*93 


IO-2I 


-28 


• • • 


70-79 


7'5o 


773 


•23 




7-42 


7-53 


-II 


• • • 


76-84 


5 '39 


5*55 


-i6 




5-36 


5-47 


-II 


• • • 



(5). It will be apparent from these figures that, if a junction were 
effected after five, or even after ten, years' duration, between the 
select tables and the aggregate, the expectations of life (and 
therefore, undoubtedly, the annuity values) at entry, would, for the 
more important ages, be under-estimated. As by far the most 
important function to be derived from the annuity tables is the 
value of the annuities at the date of entry, this would be a serious 
defect in. the graduated mortality tables. At the same time, it 
appeared impracticable to publish, still more so to use, tables tracing 
the effect of selection- for a greater period than ten years, and 
inconvenient to do so for longer than five or six years. This 
difficulty was overcome by replacing the aggregate mortality table, 
into which the select tables would otherwise have been merged at a 
given period from entry, by a hypothetical table, giving expectations 
of life and annuity values as nearly as possible in agreement with 
the values of these functions according to the ungraduated select 
tables five years after entry. This course had the advantages 
(i) that the values of the annuities according to the proposed 
table would accurately represent the values of annuities five years 
after entry, so far as they can be ascertained from the data ; 
(2) they could be safely and conveniently employed for the valuation 
of annuities of more than five years from entry ; and (3) as already 
stated, they would lead to the true annuity values at the date 
of entry. 

(6). A brief examination of the unadjusted values of the 
expectations of life for the male annuitants brought out a point of 
considerable importance, the nature of which is indicated by the 
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figures in the following Table III, where the aforesaid values are 

compared with corresponding values by the HV Table (Text-Book 

graduation) which latter, it must be understood, are used merely 

as a base line to throw into relief the features of the unadjusted 

experience : — 

Table III. 

Male Annuitants. 

Comparison of Values of 0[x] and 0|[a;i+Bf with values of a* and ^x+i 

(HM Text-Book graduation). 



Oroap 

of 
Entry 

AgfiB 

0) 


Mkan or Five Valuis of 


Diffflronc6 
(2)-(8) 

(4) 


Mean of Fits Values of 


Difbrenoe 
(6)-(6) 

(7) 


(AnnuitaiitB) 
(2) 


(Ttxt-Booh) 
(8) 


(Aimiiitants) 
(6) 


iTtxl'Book) 


40-4 
46-9 
60-4 
66-9 
60-4 
66-9 
70-4 
76-9 
80-4 


24-35 
20*63 

18*83 

16*09 

13*16 
10*32 

8*22 
6*36 

4'32 


25*44 
21*86 

18*42 

15*16 

12*15 

9*45 
7*12 

5'i6 

3*60 


— 1*09 

— 1*23 

+ 0*41 
fo*93 

+ I*OI 

+0*87 
-f 1*10 
-1-1*20 
+0*72 


20 '08 
17*11 

i5'67 
12*64 

10*11 

7*48 

574 

(4-05)* 

(273)* 


21*86 
18*42 
15*16 
12*15 

9*45 
7*12 

5-i6 
3 "60 

2-39 


— 178 

-1-31 

+ 0*51 

+ 0*49 
+ 0*66 
+ 0*36 
+ 0*58 
+ 0*45 

+ o*j4 



* Taken from Aggr^ate Table, excluding first five years from entry. 

It is here evident that, whatever the cause, the vitality of the 
lives entering between 40 and 50 is abnormally low, a remark that 
applies in a lesser degree to lives entering between 50 and 55 
(although the survivors of this latter group five years after entry 
appear to be average lives). 

(7). It would, in my opinion, be improper to retain a feature of this 
nature in a graduated table intended as a basis for monetary tables, 
and accordingly the values of the expectations of life for ages 55 
and upwards alone have been used as the basis for the male table. 

(8). The practical advantage accruing from the use of Makeham's 
formula in the adjustment of mortality tables, advantages so well 
known that I need not insist upon them here, have led me to use it 
whenever this can be done without material distortion of the facts, 
and I have shown elsewhere* that the formula can be adapted to 
select tables by substituting for the usual formula for the force of 
mortality the formula 

without loss of the valuable property that the values of annuities on 

* Journal of the Institute of Actuaries^ vol. xxxi, p. 359, and vol. xxxiii, p. 493. 
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two or more lives at different ages can be found from a table of 
such values for lives of equal age. 

(9). A preliminary graduation of the aggregate tables, for both 
males and females, excluding the first five years after entry, showed 
that the male mortality from age 40 upwards could be well 
represented by Makeham's formula, while the female mortality could 
be fairly represented by a single curve at the older ages only, 
requiring below age 6$ a supplementary curve, which, in order to 
retain the principle of " uniform seniority " as far as possible, was 
taken so that /:c=^x+^x where both i^^ and /^^^ followed Makeham's 
law with the same value of log c as in the male table. 

(10). In determining the constants for these curves, and generally, 
for all the curves dealt with in this note, the principle adopted was 
that of equating to zero the sum of the deviations of the adjusted and 
unadjusted numbers (whether these numbers represented deaths or 
expectations of life), and also the sum of the accumulated deviations. 
This principle, so far as it goes, is of course equivalent to the 
method of "moments," employed by Professor Karl Pearson in 
fitting frequency curves ta statistical data, and is one of great 
convenience in practice. As there were generally three or more 
constants to determine, higher moments might have been taken into 
account by equating, for example, the second summation of the 
accumulated deviations to zero. But it was found better to reserve 
a certain liberty of choice from among the various possible curves 
(which fulfil the condition of making the total of the deviations and 
accumulated deviations zero) in order to obtain a better general 
agreement throughout the curve, and to avoid anomalous values of 
the constants. Especially is this the case in the annuity tables, 
where constants .determined mainly by the observations at the older 
2^es are employed for the graduated rates of mortality at the earlier 
ages. 

(11). Accordingly, three trial graduations of the male table 
were made for assumed values of log c equal to '040, -038 and '036, 
and as the aggregate table (excluding the first five years from entry) 
is itself of some interest, I give here a table showing the constants 
corresponding to these three graduations, and a comparison of the 
actual and estimated deaths for quinquennial age groups. {See 
Table IV.) 

(12). Table IV is of considerable interest, as showing how 
similar are the characteristics of the three tables, notwithstanding 
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the wide differences in the values of their respective constants. It 
will be seen- that on the whole the middle curve, where log c equals 
•038, gives the best results. The first of the three curves, although the 
total deviations are well within the expected amount, is open to the 
fatal objection, owing to the large value of the constant A, of giving 
rates of mortality much too high at the younger ages. The third 
curve, on the other hand, overstates the mortality in the important 
period between ages 65 and 75, although, as tested by the third 
summations of the deviations, it is superior to the second of the 
three curves. By adopting as final values A ='00902 ; B=-oooi 149 ; 
log^=*038; the value of B (Male Table) was made equal to B^ 
(Female Table, First Series). It is unnecessary here to produce 
the corresponding figures of the female experience, as no mortality 
tables were constructed from these graduations, these aggregate 
tables being unsuitable for representing the ultimate mortality rates 
of the select tables. 

(13). With respect to the hypothetical tables, based upon the 
expectations of life five years after entry, into which it was proposed 
to merge the select tables, it is not practicable to reproduce, within 
the limits available, the whole of the calculations by which the 
values of the constants were deduced from the unadjusted expecta- 
tions of life. It will sufficiently elucidate the principle of the method 
to show in detail how the constants for the male table were obtained. 

(14). From Table I it appears that from age SS-84, the values 
of Cx in column (3), are about equal to those in column (2) 
for ages '47 years younger. Hence, taking A ='00902, B= '0001 103 
(=•0001149^"'*') as first approximations to the values required, 
a table of curtate expectations of life was computed by means 
of a mortality table based upon these constants, together 

with the values of the functions • ^ and --^ (the latter giving 

by implication the values of -75 ), and the table of comparison 

given in columns (i) to (7) of Table V was thus obtained. 

(15). The "weights" given in Table V were arrived at as 
follows. A fair estimate can be formed of the average errors in the 
values of the unadjusted expectations, and hence of the weight to be 
attached to the several values, by considering the average magnitude 
(irrespective of sign) of the second differences of these functions 
in various parts of the table, since these would be practically zero, 
but for the accidental errors in the successive values of e^* The 
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following, however, seems to be a more satisfactory method of 
estimating the (relative) mean errors in the unadjusted values of <y. 
If the total number exposed to risk for a given age at entry =«, and 
the total number of deaths out of these exposures =«^, the average 
deviation from the mean number may be taken as +*8\/«y(i— ^). 
This was expressed as a percentage of the total mortality nq. Tables 
were then formed, separately for the males and females (based upon 
a first rough Makeham adjustment in each case), showing the change 
in the various values of ^^ corresponding to a change of i per cent, in 
the mortality ; and combining these latter quantities with the 
"average deviations" in the mortality as found above, a measure 
was obtained of the relative weights to be given to the several 
unadjusted values of ^^. The average errors given in Tables XII 
to XIV (pp. 144, 14s) are the reciprocals of these weights, and are 
somewhat less than the true average errors. 

(16). Comparing the values given in columns 4, 5 and 6, the 
sets of equations for determining the corrections to the constants, 
as given in columns (8) to (13), were obtained. The totals of these 
columns give the final equations for determining 8A and Zxy from 
which resulted the values 8A='24i, whence A ='00902— 00241 
=•00661; and S;i;=— '537, which changes the value of B (corre- 
sponding to change of '537 years in age) to B^*"'= •0001103^'"' 
=•0001156. This value was subsequently changed to 8=000115335 
as explained in par. (20). 

(17). Substituting these values in the equations of condition in 
Table V, we have the following residuals :— 

Table VI. 
Male Annuitants. 

Residuals in computing Expectations of Life for Hypothetical Table. 



Oentnl 
Age of 
Groap 

a) 


•f *241tMf» 
-•637iwi 

(2) 


(8) 


Second BesidoalB 
(4) 


2 
Second Residuals 

(5) 


57 

62 
67 
72 
77 
82 
87 


-f -24 

- -05 

- -41 

- 76 

- -82 

- -78 

- -68 


-f -29 

— -17 

+ -16 

— 1-85 

— '26 

- -65 

- 78 


-f -05 
— -12 

+ -57 
— 1*09 

+ -56 

+ *i3 
— -lo 


•00 

-•OS 
+ 07 

-•50 

+ '59 
+ •03 
—•10 


Totals 


—3-26 


—3-26 


+ 1*31 
-1-31 


+ •69 
-•65 
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Cleared of the values of w (the weights attached to the original 
equations in Table V), the values of ejg corresponding to these 
constants are as under : — 

Table VII. 
Male Annuitants. 

Comparison of Adjusted and Unadjusted Values of flt^-sHtf 



Central 
Age of 
Group 


Mean of 6 Valubs or eix-SH-9 


Erbobs 


Unadjusted 


Adjusted 


+ 


— 


57 
62 
67 
72 

77 
82 
87 


15-67 
12*64 

lO^II 

7-48 

574 

(4-os)* 
(273)* 


15-65 

12-68 

IQ-OO 

7-65 
5-65 
4-03 
275 


• • • 

•04 

• • • 

•17 

• • • 

• • • 

•02 


•02 

• • • 

•II 

• • • 

•09 

•02 

• • • 


Average of 
all Groups 


8-346 


8*344 


±•067 



* Taken from Aggregate Tables, excluding the 1st 5 years from entry. 



(18). The above method leads, of course, to a first approximation 
only, as quantities of the second order are omitted, and a second 
approximation should therefore be now made. The effect, however, 
of such further approximation would only affect the values of ^^ by 
unity in the second place of decimals, and the error will be found to 
be on the safe side. In the present instance it was rendered 
unnecessary from the fact that an arbitrary reduction was made in 
the value of A from '00661 to -0060 (corresponding to ^0026 in the 
constant portion of colog/^) as otherwise the graduated rates of 
mortality at the younger ages in the male annuitant table 
would have materially exceeded the corresponding rates in the 
assurance experience, the data for which was published during the 
progress of the annuity graduation. This arbitrary change in the 
computed value of one of the constants was not made without due 
deliberation, and is justified on the ground of the smallness of the 
data for the younger ages at entry and by the undesirability of 
adopting upon such slender data, values of annuities for annuitant 
lives appreciably lower than for assured lives, seeing that it has in 
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recent years been not uncommon for annuities to be granted and 
assurances to be effected simultaneously upon the same individuals ; 
and further by the fair agreement it yields from age 55 to 80 
between the adjusted and unadjusted 3 per cent, annuity values at the 
date of entry, as will be seen by the comparison given in Table XV 

(p. 14s). 

i 

(19). The female experience was dealt with on similar principles, 
except that, as in the aggregate table, it was found necessary to 
introduce a supplementary curve, in order satisfactorily to reproduce 
the values of the expectations for ages below 65. The average values 
of the expectations for the age groups 65-9, 70-4 . . • 85-9, having 
been duly weighted upon the principle above described, were 
employed to obtain the constants for the first curve representing the 
mortality for the older ages, the same value of log ^=-038 being 
adopted as in the male table. To the resulting series, /^^ was added 
a supplementary series of the form l^^=iKa^^Ujej^i (where /j^+z is 
taken from the male table) in order to reproduce the values of the 
expectations for the age groups 40-4, 45-9, and onwards, the values 
of /c, Uy and t being found by successive approximation by means of 
similarly formed and weighted equations of condition. 

(20). As, in the graduation of the aggregate Tables, by a small 
modification of the value of B in the Male Table, its value was 
made equal to B^ (Female Table, First Series), whence resulted the 
relation for the older ages, where the supplementary series is 
insignificant, 

lijg (Female Table, ist Series) =/a^.x (Male Table)— Constant, 
colog^^r (Female Table, i st Series) = colog/j^-x (Male Table) — Constant. 

It follows from this relation that the supplementary series above 
mentioned ^"^^ica'^UjcJ^i "lay be formed from either the male /^ series, 
or from the first female series of /i\ suitably varying a and t. The 
value of /=24, was taken for convenience as an integer. 

(21). The object of securing these relations between the male and 
female constants was to facilitate the calculation of joint life annuities, 
tables of annuities for two or more lives, male or female, either alone 
or in combination, being obtainable from a series of tables for 
corresponding combinations of lives all at equal ages. This point 
will be referred to later on. 
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(22). In determining the constants for the first five years after 
entry, the following objects were kept in view :— 

(i) The production of a smooth juncture between the ultimate 
table and that representing the first $ years after entry. 

(2) The reproduction as closely as possible of the values of 

the unadjusted expectations at date of entry, 

(3) Similarity in the modifications in the constant B for both 

male and female tables. 

(4) The adoption of deductions to be made from the values of 

A and B in the ultimate tables to obtain their values 

for years o, i, 4, such as would enable the values of 

fHx], fH^]+it &c., to be exactly computed. 

(23). In these circumstances, although certain analytical methods 
were employed to obtain approximately the required modifications in 
the constants, the process was necessarily of a somewhat tentative 
character, and it will be sufficient here to state the values ultimately 
adopted (set out in Table VIII), as on the whole best fulfilling the 
conditions laid down. 

(24). We have then, for the ultimate mortality table, in respect 
of durations of five years and upwards, the usual formulae : — 

logio4=logxo*+;rlog,oJ+log,o,r.^. (i) 

colog,o(A)= - Alog,o/r= -logxo^- (^- iog,og'(^=a+ jSc^ (2) 

also /^.= -£log.4=^(a+)9^-^)=A + B^. . (3) 

where M = the modulus =logxo^= •43429448. ^ 

For durations of less than five years, the quantities a, fi; A, B ,- 
and logio^, logio^; vary progressively with /, the duration from 
purchase, and the formulae, corresponding to the above, become : — 

logxo/w+.=(log,o^-//)-(^+^)a-^(j:^ + ^y^' 

= log,o>^/+(^+/)log„J + logxo.^/. ^"^^ .... (4) 

colog,o(/M+/) = - A,log,o/w+.= (a+ A/,) +^(i +^y^' 

=a/+/3,.^+' (5) 

also ^,.3..= - ^,log./,.,,,= ^ [(a+ 7/0+/3f^+ ^4.^0^-^' 

= A, + B,.r-+' (6) 
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It is also evident that 

log,o/[:r]+/=logxo4r+<-//-^^'^/ (7) 

cologxo(/w+/)=colog„0>^+/)-fA/i+y8^At^. . . (8) 

Hi^w=fi.^t+^[_j/i+^c-j^ir,'j . . (9) 

where these last equations (7), (8) and (9) are the forms naturally 
employed in the process of graduation, and equations (4), (5) and (6) 
are the forms most convenient for use in the actual construction of 
the mortality tables. 

(25). The forms of the functions/^ and -^^ respectively, both for 
the male table, and for the two separate series forming in combination 
the female table, are as follows : — 

/,=f«[(S-/)«+(4-^)«-(i-/)«] .... (10) 
t^=«[(5-/)»-f(4-/)»- (!-/)»] .... (II) 

where the terms (5— 0^ (4"■0^ ^^*t ^^ ^^^ square brackets are 
to be taken only for positive values of (S— 0> (4~0> ^^y ^^d> 
of course, vanish, together with their differential coefficients, when 
/=5, /=4, &c. 

For the male table, and for the second series of the female table, 
the value of V« = *oooiio; for the first series of the female table 
^^=•000050 ; the value of n throughout is •oii3^^=*oi7S. It follows 
that the successive values of a/, /8^; A/, B^; logjo^^^, logio^^, employed 
in the construction of the graduated male table, differ from those 
employed in the construction of the first, and of the second, series 
constituting the graduated female table. The value of c, and the 
successive values of yjr^, are, however, identical throughout. The 
appended Table VIII shows the actual values of the quantities 
employed in the graduation of the tables, for values of / from 
o to 4 inclusive ; and also for the ultimate table. 

(26). In the construction of the tables, the course followed was 
to compute the values of cologio (/^r) and of cologjo (^[x]+^) by 
formulae (2) and (5) given above, the radix being taken as 
logxo'[2o] =5*000000. Tables IX and XI are appended, showing the 
values of fiix]+t and of /^^ for the male and female tables ; also 
Table X, giving the fundamental values of colog,o(/[j,]+^), and of 
cologxo(/;r)> for the male table. {See pp. 138 to 143.) 
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(27). For the final female table, representing the numbers 
living, and the force of mortality, by ^^\ /J^\ under the First partial 
series ; by /^»), /a^»>, under the Second partial series ; and by /, /i^ under 
the Final (combined) Table ; we have : — 



A^w+<— "J" .... ^12; 



Similarly, for the ultimate female table : — 

/j,. = /j. -j-lx 

^X 

It follows from these relations, that, in the case of a joint-life 
annuity on a male life (x) and a female life (^), 

^ ^^fyJl^V:^^ . ! (14) 

where yt and y^ represent the mortality of the life {y) in respect of 

the first and second series of the female table, and rj,= ^ , the values 

of axy^ and a^y^ for all ages of (x) and {y) being obtainable from 
tables of annuities at equal ages ww^ and ww^ ; and, if yz be two 
female lives, 

a _, ^y,n, + ^y^y^z, + ^2<ty,z^ + ^y^'^ytZt . . . . (15) 

"" (n-ry)(i+^*) 

If the annuity be on three lives {x) [y) (^), where (;r) is a male 
life, and (^) and {z) are female, then 

_ ^^y.;»r, + yg^y^g, + r^^y^^^ + ^y^^xy^z^ ^ ^ ^ flgX 

'''•^'" (i+r^Ki+r,) ^ ^ 

These formulas are applicable to either select or non-select lives. 
In Table XiA (p. 166) are given the values of the ratio r[y^f]^i 
for all values of y, and for values of /=o, i, 2, 3 and 4, and $ 
or more. 
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Table IX. 
Male Annuitants. 

Select Tables— a^n 

Values of ^,3+^ and of fi^^^. 



Age at 

BntxT 


TBAB8 BLAFSB) BIHCK DaTB OF PUBCUASJL 


Age 
attained 





1 


2 


8 


4 


5 or more 


w 














a? + 6 


«x] 


W»3+i 


M[»]+a 


HWH 


Mt*>H 


M«+6 


20 


•002 306 6 


002 946 6 


•004 098 8 


•005 257 I 


•006 397 7 


•007 014 6 


26 


21 


•002 340 6 


002 992 9 


•004 157 8 


•005 329 3 


•006 481 6 


•007 108 6 


26 


22 


•002 377 8 


•003 043 4 


•004 222 2 


•005 408 2 


•006 573 2 


•007 211 2 


27 


23 


•002 418 3 


•003 098 5 


*oo4 292 4 


005 494 2 


•006 673 I 


•007 323 2 


28 


24 


*oo2 462 6 


•003 158 6 


•004 369 I 


•005 588 2 


•006 782 2 


•007 445 4 


29 


26 


•002 510 9 


•003 224 3 


•004 452 8 


•005 690 7 


•006 901 2 


•007 578 8 


30 


26 


•002 563 7 


•003 29s 9 


•004 544 I 


•005 802 6 


•007 031 2 


•007 7244 


31 


27 


'002 621 2 


•003 374 I 


•004 643 8 


•005 924 7 


•007 1730 


•007 883 3 


32 


28 


'002 684 


•003 459 5 


•004 752 6 


•006 058 


•007 327 8 


'008 056 7 


33 


29 


•002 752 6 


•003 552 6 


•004871 4 


•006 203 5 


•007 496 8 


•008 246 


34 


dO 


•002 827 4 


•003 654 3 


•005 001 


•006 362 3 


•007 681 2 


•0084525 


36 


31 


•002 909 I 


•003 765 3 


•005 142 5 


'006 535 6 


•007 882 4 


•008 678 


36 


32 


002 998 3 


•003 886 4 


•005 296 9 


•006 724 7 


•008 102 I 


•008 924 I 


37 


33 


•003 095 6 


•004018 6 


•005 465 4 


•006 931 2 


•008 341 8 


•009 192 7 


38 


34 


003 201 8 


004 162 8 


•005 649 4 


•007 156 5 


•008 603 5 


•009 485 9 


39 


35 


•0033177 


•004 320 3 


•005 850 I 


•007 402 4 


•008 889 I 


•009 805 8 


40 


36 


•003 444 2 


•004 492 2 


•006 069 2 


•007 670 8 


•009 200 8 


•010 155 


41 


37 


•003 582 3 


•004 679 8 


006 308 4 


•007 963 8 


•009 541 


•oio 536 2 


42 


38 


•003 733 


•004 884 5 


006 569 4 


•008 283 5 


•009 912 4 


*OIO 952 2 


43 


39 


•003 897 5 


005 108 


•006 854 3 


•008 632 5 


•010 317 6 


on 406 2 


44 


40 


•004077 


•005 351 8 


007 165 2 


•009 013 4 


•010 760 


•on 901 8 


46 


41. 


•004 272 9 


•005 618 


•007 504 6 


•009 429 I 


•on 242 8 


•012 442 7 


46 


42 


•004 486 8 


•005 908 6 


•007 875 


•009 882 9 


•on 769 7 


•013 033 


47 


43 


•004 720 2 


•006 225 7 


•008 279 2 


•010378 I 


•0123448 


•0136773 


48 


44 


•004 974 9 


•006571 8 


•008 720 5 


*oio 918 6 


•0129725 


•014 380 6 


49 


45 


•005 253 


•006 949 5 


•009 202 


•on 5086 


•0136576 


•015 148 I 


50 


46 


•005 556 5 


•007 361 8 


•009 727 7 


•012 152 4 


•0144054 


•0159858 


61 


47 


•005 887 7 


007 811 8 


•010 301 3 


•012 855 2 


•015 221 5 


•016 900 I 


52 


48 


•006 249 2 


•008 302 9 


•0109275 


•013 622 2 


•016 112 3 


•017 898 I 


63 


49 


•006 643 8 


•008 838 9 


on 610 8 


•014 459 4 


•0170845 


•018 987 2 


54 


60 


•007 074 4 


009 424 


0123567 


•015 373 I 


•018 145 6 


•020 1760 


56 


51 


•007 544 4 


•010062 5 


013 1708 


•0163703 


•019 303 7 


•0214735 


56 


52 


•0080574 


•010 759 5 


•0140593 


•0174588 


•020 567 7 


•022 889 6 


67 


53 


•008617 3 


•on 520 I 


•015 029 I 


•018 646 7 


•021 947 3 


•024 435 2 


68 


54 


•009 228 5 


•0123504 


016 087 5 


•019 943 3 


•023 453 I 


026 122 I 


69 


66 


•009 895 s 


•0132565 


•017 242 7 


•0213585 


•025 096 5 


•027 963 3 


60 


56 


•010 623 4 


•014 245 5 


•018 503 6 


•022 903 I 


•026 890 3 


029 972 9 


61 


57 


•on 4180 


•0153249 


•019 879 8 


•024 588 9 


•028 848 


•032 166 2 


62 


68 


•012 285 2 


•016 503 I 


•021 381 7 


•026428 8 


•030 984 8 


•034 560 


63 


69 


•013 231 7 


•017 7889 


•023 021 I 


•028 437 -033 316 9 


•037 1728 


64 

1 
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Table IX {continued). 

Male Annuitants. 
Select Tables— (y^^l 

Values of /ij^j^^ and of /i^^^ 



Affeftt 


TSABS BLAP8KD 8IKCS DATB OF PURCHASE. 


Age 


^^ 












Entry 





1 


2 


3 


4 


6 or more 


attained 


w 














jP + 6 


/^] 


MC*H-i 


Wxl+2 


/*t*J+8 


W«]-w 


/*«+6 


60 


•014 264 7 


•019 192 4 


•0248103 


•030 628 8 


•035 862 3 


•040 024 4 


66 


61 


•0153922 


•020 724 I 


•026 763 I 


•033021 I 


•038 640 5 


•043 1369 


66 


62 


*oi6 622 9 


022 396 


•028 894 6 


•035 632 


•041 672 7 


•046 533 9 


67 


63 


•017 9660 


024 220 7 


•031 220 9 


•0384818 


•044 982 2 


•050 241 5 


68 


64 


•019 431 9 


•026 212 2 


•033 759 9 


•041 592 I 


•048 594 2 


•054 288 2 


69 


66 


•021 031 9 


•0283859 


•036 531 I 


•044 986 8 


•052 536 6 


•058 704 9 


70 


66 


•022 778 3 


•030 758 4 


•039 555 7 


•048 692 


•056 839 5 


•063 525 5 


71 


67 


'024 684 2 


•033 347 7 


•042 856 8 


•052 735 9 


•061 535 8 


•068 786 8 


72 


68 


•026 764 5 


•036 173 9 


•046 459 8 


•057 149 7 


066 661 5 


•074 529 3 


73 


69 


•029 035 


•039 258 4 


•050 392 3 


•061 967 


•072 256 


080 796 8 


74 


70 


•031 513 I 


042 625 I 


•054 684 4 


•067 224 8 


078 362 


•087 637 5 


76 


71 


•0342178 


•046 299 5 


•059 368 9 


•072 963 4 


•085 026 3 


•095 103 7 


76 


72 


•037 169 9 


•0503100 


•064481 8 


•079 226 7 


•092 300 


•103 2526 


77 


78 


•040 391 8 


•054 687 2 


•070 062 2 


•086 062 7 


•100 238 9 


•112 1466 


78 


74 


•043 908 4 


•059 464 6 


076 152 9 


•093 523 9 


•108 903 7 


•121 853 9 


79 


76 


•047 746 5 


•064 678 9 


•082 800 5 


•loi 667 3 


•118 360 8 


•1324488 


80 


76 


•051 935 6 


•070 370 


•090 056 


•"05553 


•1286826 


•144 012 5 


81 


77 


•056 507 8 


•0765814 


•097 974 9 


•120 2560 


•139 948 3 


•1566336 


82 


78 


•061 498 


•083 360 9 


•106 617 9 


•130 843 8 


•152 244 I 


•1704088 


83 


79 


•066 944 6 


•090 760 2 


•116 051 3 


•142 399 8 


•165 664 2 


•185 443 6 


84 


80 


•072 889 I 


•098 836 2 


•1263473 


•155 012 4 


•180 311 5 


•201 853 2 


86 


81 


•0793773 


•1076506 


•137 584 7 


•1687783 


•196 298 I 


•2197633 


86 


82 


•086 458 7 


•117 271 


•149 849 7 


•183802 9 


•2137466 


•239 311 2 


87 


88 


•094 187 6 


•127 771 I 


•163 236 I 


•200 201 5 


•232 790 6 


•260 646 5 


88 


84 


•102 623 3 


•139 231 4 


•1778467 


•2180995 


•253 575 8 


•283 932 6 


89 


86 


•III 8304 


•151 7396 


•193 793 2 


•237 634 2 


•276 261 8 


•309 348 I 


90 


86 


•121 8794 


•165 391 5 


•211 197 8 


•2589551 


•301 022 2 


•337 087 5 


91 


87 


•132 847 2 


•180 291 8 


•230 194 I 


•282 225 5 


•328 046 6 


•367 363 5 


92 


88 


•144 817 9 


•1965546 


•250927 2 


•307 623 9 


•357 542 3 


•400 408 


93 


89 


•1578833 


•2143044 


•2735563 


•3353446 


•389 734 9 


•436 474 


94 


90 


•172 143 3 


•2336773 


•298 254 5 


•365 600 I 


•4248713 


•475 837 8 


96 


91 


•187 707 3 


•254821 6 


•325 211 2 


•398 622 2 


•463 220 6 


•518 801 2 


96 


92 


'204 694 4 


•277 899 5 


•354 632 8 


•434 664 


•505 076 5 


•565 693 I 


97 


93 


•223 234 9 


•303 087 5 


•386 744 7 


•4740014 


•550 759 7 


•616872 9 


98 


94 


•243 470 7 


•330 578 8 


•4217930 


•5169357 


•600 620 3 


•672 732 6 


99 


96 


•2655568 


•360 583 8 


•460 046 


•563 796 I 


•655 040 I 


•733 700 


100 


96 


'289 662 6 


•393 332 5 


•501 797 


•614 941 3 


•714 436 I 


•800 242 3 


101 


97 


•3159725 


•4290758 


•547 365 6 


•670 763 3 


•779 263 3 


•872 869 3 


102 


98 


•344 688 3 


•468 087 5 


•597 lOI I 


•731 689 7 


•850018 2 


•9521374 


103 


99 


•376 029 9 


•5106664 


•6513844 


•798 187 I 


•9272430 


• • • 


104 
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Table X. 

Male Annuitants. 

Select Tables— 0^^^. 

Values of colio(^[«]+«) and of colioCp^+s)' 



Age at 
Entry 


TcABS CLAPnD Bivoi Datb ov Pubohasv 


Age 
attained 





1 


2 


8 


4 


6 or more 


w 














« + 5 


colpizi 


coli>[,m 


COli>Dt}fl 


coll^«]+» 


^^PlOH 


coli?x+6 


20 


'001 140 5 


•OOI 529 7 


•002 031 4 


•002 530 6 


002 912 2 


•003 066 5 


26 


21 


•001 157 9 


•OOI 552 5 


'002 059 9 


•002 564 4 


•002 950 8 


•003 109 2 


26 


22 


•001 177 


•OOI 577 5 


'002 090 9 


•002 601 4 


•002 992 9 


•003 155 8 


27 


23 


•001 197 7 


'OOI 604 6 


•002 124 9 


•002 641 8 


•003 038 9 


•003 206 6 


28 


24 


'001 220 4 


OOI 634 3 


'002 161 9 


•002 685 8 


•003 089 I 


•003 262 


29 


26 


•001 245 I 


'OOI 666 7 


•002 202 3 


•002 733 9 


•003 143 9 


•003 322 6 


80 


26 


'ooi 272 I 


'OOI 702 I 


•002 246 4 


•002 786 4 


'003 203 7 


•003 388 7 


81 


27 


•001 301 5 


'OOI 740 7 


•002 294 5 


•002 843 7 


'003 268 9 


'003 460 8 


82 


28 


•OOI 333 7 


'OOI 782 8 


'002 347 


•002 906 2 


003 340 2 


•003 539 5 


33 


29 


'OOI 368 7 


'OOI 828 8 


'002 404 4 


•002 974 4 


•0034179 


'003 625 4 


84 


80 


'OOI 407 


'OOI 879 


'002 467 


•003 048 9 


'003 502 7 


003719 I 


36 


81 


001 448 8 


•OOI 933 7 


•002 535 3 


•003 130 2 


•003 595 3 


•003 821 5 


36 


82 


'OOI 494 4 


•OOI 993 5 


'002 609 8 


•003 2189 


'003 696 4 


003 933 2 


87 


83 


•OOI 544 2 


'002 058 8 


'002 691 2 


•003 31s 7 


'003 806 7 


•004 055 I 


38 


84 


•OOI 598 6 


'002 130 


'002 780 


•003421 4 


'003 927 I 


•004 188 I 


89 


85 


•OOI 657 9 


•002 207 7 


'002 876 9 


•003 536 7 


•004 058 5 


•004 333 3 


40 


86 


•OOI 722 6 


'002 292 5 


'002 982 7 


•003 662 6 


'004 202 


•004 491 8 


41 


87 


•OOI 793 2 


'002 385 I 


'003 098 2 


•003 800 


•004 358 5 


•004 664 8 


42 


88 


•OOI 872 3 


•002 486 2 


'003 224 2 


•003 950 


•004 529 4 


•004 853 6 


48 


89 


•OOI 954 S 


'002 596 5 


'003 361 7 


'004 113 7 


•0047158 


•005 059 7 


44 


40 


'002 046 3 


'002 7168 


•003 511 8 


•004 292 3 


'004 919 4 


•005 284 6 


46 


41 


"002 146 6 


'002 848 2 


•003 675 7 


•004 487 3 


•005 141 5 


•005 530 I 


46 


42 


'002 256 


'002 991 6 


•003 854 5 


•004 700 I 


•005 384 


•005 798 


47 


43 


•002 37S 4 


003 148 I 


'004 049 7 


•004 932 4 


'005 648 6 


•006 090 5 


48 


44 


'002 505 8 


•0033190 


'004 262 7 


•005 185 9 


•005 937 4 


•006 409 6 


49 


46 


'002 648 


•003 505 4 


•004 495 2 


•005 462 5 


'006 252 7 


•006 758 


60 


46 


•002 803 3 


'003 708 9 


'004 749 


•005 764 5 


'006 596 7 


•007 138 2 


61 


47 


'002 972 8 


•003 931 


'005 026 


•006 094 I 


•006 972 2 


•007 553 2 


62 


48 


•003 157 7 


•0041734 


'005 328 2 


•006 453 9 


•007 382 I 


•008 006 I 


68 


49 


'003 359 6 


•004 438 


'005 658 2 


•006 846 5 


•007 829 4 


'008 500 4 


64 


60 


•003 579 9 


•004 726 7 


'006 018 3 


•007 275 


•0083177 


•009 040 


66 


61 


'003 820 4 


•005 041 9 


'006 411 3 


•007 742 8 


•008 850 6 


'009 628 8 


66 


62 


'004 082 9 


•005 38s 9 


'006 840 3 


'008 253 2 


•009 432 2 


•010 271 6 


67 


63 


'004 369 4 


•005 761 3 


•007 308 5 


•008 810 4 


•010 067 


•010973 I 


68 


64 


'004 682 


006 171 I 


•007 819 5 


009 418 5 


•0107598 


•on 738 7 


69 


66 


•005 023 3 


'006 618 4 


•008 377 3 


•010 082 3 


•on 5169 


•0125743 


60 


66 


•005 395 7 


'007 106 5 


•008 986 


'oio 806 7 


•012 341 3 


•013 486 4 


61 


67 


•005 802 3 


•007 639 3 


'009 650 4 


•on 597 3 


•013 242 I 


•014 481 8 


62 


68 


'006 246 


'008 220 8 


•0103756 


'012 4603 


•014 225 3 


•015 568 3 


es 


69 


•006 730 2 


•008 855 4 


•on 1670 


'OI3 402 I 


•015 298 4 


•016 754 I 


64 
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Table X. {continued), 

Male Annuitants. 

Select Tables— (y^^ 

Values of COlio(P[a?j+0 V^^ o^ colioCjPar+s). 



Age at 
Entry 


Tears blapsed bincb Date or Purchase 


Age 
attained 





1 


2 


3 


4 


5 or mors 


[a?] 














ar + 5 


k J 


C0li>[x] 


col-P[«}+i 


coli)[«)+a 


coli^UH-s 


coii>[»j+« 


coli>a!+» 




60 


•007 258 8 


•009 548 I 


•012 030 9 


014 430 I 


•016 469 6 


•018 048 4 


66 


61 


•007 835 6 


•010 304 2 


•012 973 7 


•015 552 I 


•0177479 


•019 461 


66 


62 


•008 465 3 


•on 129 3 


•014 002 8 


016 776 7 


•019 143 I 


•021 002 8 


67 


63 


•009 152 5 


•012 030 


•015 1259 


018 113 2 


*o2o 665 8 


•022 685 5 


68 


64 


•009 902 5 


•013 012 9 


•016 351 7 


•0195720 


•022 327 9 


•024 522 2 


69 


65 


•010 721 I 


•014 085 8 


•017689 7 


•021 164 2 


024 141 8 


•026 526 7 


70 


66 


•on 6146 


•015 2568 


•01*9 149 9 


•022 901 9 


•026 121 7 


•0287146 


71 


67 


•012 5898 


•0165348 


•020 743 7 


•024 798 5 


•028 282 6 


031 102 5 


72 


68 


•013 654 I 


•017 929 7 


•022 483 3 


•026 868 6 


030 641 


•033 708 8 


73 


69 


•014 815 8 


•019452 2 


•024 381 9 


•029 128 


•033215 2 


•0365534 


74 


70 


•016083 7 


•021 113 8 


•026 454 I 


•031 594 


•036 024 7 


•039 658 I 


76 


71 


•0174675 


•022 927 5 


•028 715 8 


•034 285 4 


•039 091 I 


•043 046 7 


76 


72 


•0189779 


•024 906 9 


•031 1843 


•037 2230 


•042 438 


•046 745 2 


77 


73 


•020 626 3 


•027 067 4 


•0338785 


'040 429 I 


•046 090 8 


•050 781 9 


78 


74 


•022 425 5 


•029 425 4 


•036 819 I 


•043 928 5 


•050 077 7 


•055 187 6 


79 


76 


•024 389 3 


•031 9990 


•040 028 5 


•047 747 8 


•054 429 I 


•059 996 2 


80 


76 


026 532 6 


•034 807 9 


•043 531 5 


•051 9164 


•0591784 


•065 244 6 


81 


77 


•028871 8 


•037 873 7 


•047 354 7 


•056 466 I 


•064 362 I 


•070972 8 


82 


78 


•031 425 


•041 219 9 


•051 5276 


•061 431 9 


•070019 7 


•0772249 


83 


70 


•034 211 7 


•044872 


•056 082 


•066 851 7 


•076 194 6 


•084 048 6 


84 


80 


•037 253 I 


•048 858 I 


•061 052 9 


•072 767 I 


•082 934 2 


•091 496 3 


86 


81 


•040 572 7 


•053 208 6 


•066 478 3 


•079 223 5 


•090 290 


•099 625 


86 


82 


•044 195 8 


•057 957 


•072 399 9 


•086 270 2 


•0983185 


•108 496 9 


87 


83 


•048 150 2 


•063 139 6 


•078 862 8 


•093 961 2 


•107 081 I 


•118 180 2 


88 


84 


•052 466 2 


•068 796 


•0859168 


•1023556 


•116 644 9 


•128 7489 


89 


86 


•0571769 


•074 969 7 


•0936158 


•I" 517 5 


•1270833 


•140 284 


90 


86 


•0623183 


•081 707 9 


•102 018 8 


•121 5172 


•138 476 I 


•1528739 


91 


87 


•067 929 8 


•089 062 3 


•III 190 I 


•132 431 3 


•150 910 7 


•166 615 


92 


88 


•074 054 5 


•097 089 I 


•121 200 I 


•144 343 3 


'164482 4 


•181 612 5 


93 


88 


•080 739 2 


•105 849 9 


•132 1254 


•1573446 


•1792950 


•197 981 6 


94 


90 


•088 035 I 


•1154118 


•144 049 7 


•171 534 7 


•195 462 I 


•215 847 3 


95 


91 


•095 998 2 


•125848 I 


•1570644 


•187 022 4 


•213 107 5 


•235 346 7 


96 


92 


•1046895 


•1372386 


•171 269 2 


•203 926 2 


•232 366 5 


•256629 I 


97 


93 


•114 175 4 


•1496707 


•1867728 


•2223758 


•253 386 4 


•2798576 


98 


94 


•1245288 


•163 2396 


•203 694 I 


•242 512 5 


•2763285 


•305 2102 


99 


96 


•1358289 


•1780493 


•222 162 7 


•264 490 3 


•301 368 4 


•332 881 


100 


96 


•148 162 3 


•194 213 I 


•242 320 


•288 477 9 


•328 697 8 


•363 081 9 


101 


97 


•161 6234 


•211 8550 


•264 320 5 


•3146589 


•3585265 


•396 044 5 


102 


98 


•176 315 4 


•231 IIOO 


•2883328 


•343 233 9 


•391 082 6 


•432 021 2 


103 


99 


•1923509 


•252 1258 


•3M 540 8 


•3744218 


•426 615 6 


• • • 


104 
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Table XL 
Female Annuitants. 
Select Tables— Of*^. 

Values of /^aq+t ^'Qcl of fix+a. 



Age at 
Entry 


Ykarb blapsed 8INCB Dati ow Furchasb. 


Age 
attained 





1 


2 


8 


4 


5 or more 


M 














iF + 5 


rtxi 


Mto]+i 


W»}+J 


/'W+s 


tHxyn 


f*x+6 


20 


•002 SOI 


•003 2146 


•004 270 I 


•0053177 


•006 264 7 


•006 778 7 


25 


21 


•002 446 


'003 195 6 


•004 284 7 


•005 365 6 


•006 338 5 


•006 873 6 


26 


22 


•002 397 4 


•003 185 5 


'004 310 8 


•005 427 4 


•006 428 I 


•006 985 6 


27 


23 


•002 355 5 


•003 184 9 


•004 349 


•005 503 8 


•006 534 2 


•007 n5 5 


28 


24 


'002 320 6 


•003 194 2 


•004 400 


•005 595 7 


•006 657 6 


•007 263 9 


29 


25 


'002 293 I 


•003 214 I 


•004 464 3 


•005 703 8 


•006 799 3 


•007 432 3 


30 


26 


•002 273 5 


•003 245 


•004 542 8 


•005 828 8 


•006 960 


•007 620 8 


31 


27 


•002 261 9 


•003 287 4 


•004 636 


•0059714 


•007 140 3 


•007 830 2 


32 


28 


•002 258 9 


003 341 8 


•004 744 4 


•006 132 4 


•007 341 I 


•008061 4 


33 


29 


•002 264 7 


'003 408 7 


•004 868 8 


•006 312 3 


•007 562 9 


•0083148 


34 


SO 


•002 279 8 


•003 488 7 


'005 009 6 


•006 511 8 


•007 806 3 


•008 590 9 


35 


81 


•002 304 3 


•003 581 9 


•005 167 3 


•006 731 3 


•008 07 1 7 


•008 890 I 


36 


32 


•002 338 5 


•003 688 9 


•005 342 3 


•006 971 3 


•008 359 4 


•009 212 3 


37 


33 


•002 382 6 


•003 810 


•005 534 9 


•007 232 


•008 669 6 


•009 557 8 


38 


34 


•002 436 9 


•003 945 2 


•005 745 4 


•0075135 


•009 002 3 


•009 926 I 


39 


35 


•002 50.T 3 


'004 094 8 


•005 973 7 


•007 815 7 


•009 357 I 


•010 316 9 


40 


36 


•002 576 


•004 258 6 


•006 219 9 


•008 138 5 


•009 733 7 


•010 7293 


41 


37 


•002 660 7 


•004 436 7 


•006 483 5 


•008 481 4 


•010 131 3 


•on 162 5 


42 


38 


•002 755 4 


•004 628 7 


•006 764 3 


•008 843 7 


•010 549 


•on 615 I 


43 


39 


•002 859 7 


•004 834 2 


'007 061 6 


•009 224 4 


•010 985 4 


•0120855 


44 


40 


'002 973 2 


•005 052 6 


•0073744 


•009 622 4 


•on 4392 


•012 572 


45 


41 


•003 095 4 


•005 283 I 


•007 701 8 


•010036 2 


•on 9084 


•013072 5 


46 


42 


•003 225 7 


•0055248 


•008 042 4 


•0104643 


•012 391 3 


•013 585 I 


47 


43 


•003 363 3 


•005 776 6 


•008 394 9 


•010 904 8 


•012 885 7 


•014 107 6 


48 


44 


•003 507 3 


•006 037 3 


•008 757 6 


•on 355 S 


•013 389 7 


•014 638 I 


49 


45 


•003 656 8 


•006 305 6 


•009 129 


•on 8155 


•013 901 5 


•015 175 I 


50 


46 


•003 810 9 


•006 580 2 


'009 507 5 


•012 282 3 


•014 419 5 


•015 717 9 


51 


47 


•003 968 8 


•006 859 9 


•009 891 7 


•0127548 


•014 943 2 


016 266 6 


62 


48 


'004 129 6 


•007 143 8 


•010 280 6 


•013 232 5 


•0154726 


'016 822 9 


53 


49 


•004 293 


•007 431 3 


•010 674 I 


'0137157 


•016 009 5 


•017 390 2 


54 


50 


'004 458 9 


•007 722 5 


•on 072 5 


•014 206 I 


•0165573 


•0179744 


55 


51 


•004 627 9 


•008 018 3 


•on 477 8 


•014 707 


•017 121 7 


•018 584 I 


56 


52 


•004 801 2 


•008 320 7 


•on 8934 


•015 224 I 


•017 711 I 


•019 231 I 


57 


53 


•004981 2 


•008 633 2 


•0123245 


•015 765 5 


•018 337 2 


•019 931 


58 


54 


•005 171 5 


•008 961 I 


•012 779 


•016 342 3 


•019 015 2 


•020 703 2 


59 


55 


•005 377 I 


•009 311 6 


'0132673 


•016 969 


•019 763 9 


•021 5709 


60 


56 


•005 605 I 


•009 694 5 


'013 802 7 


•017 663 6 


•020 606 2 


•022 561 3 


61 


57 


•005 863 7 


•010 121 7 


•014 401 6 


•018 447 7 


•021 5686 


•023 705 I 


62 


58 


•006 163 9 


•010 608 I 


•0150838 


•019 346 4 


022 681 


•025 035 6 


63 


59 


•006 518 3 


•on 171 


•015 871 8 


•020 387 7 


•023 975 8 

ft 


•026 588 3 


64 
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Table XI (continued). 

Female Annuitants. 
Select Tables— Qf^. 

Values of mx\-vt and of fix^ji. 



Age ftt 
Imtry 


Tears elapsed sikob Date of Purchase. 


Age 
attuned 





1 


2 


3 


4. 


5 or more 


W 














« + 5 


k J 


/*fo] 


IK*W 


W*H-J 


W«>f8 


W«l+4 


/*»+6 




60 


•oo6 941 3 


•on 830 2 


•016 790 9 


•021 602 3 


•025 487 6 


•028 399 8 


66 


61 


•007 449 3 


•012 607 5 


•0178683 


•023 022 6 


•027 251 9 


•0305143 


66 


62 


•008 060 


•013526 I 


•019 132 7 


•024681 8 


•029 304 2 


•032 943 6 


67 


63 


•008 791 9 


•014 6103 


•020613 4 


•026 613 


031 679 


•035 745 3 


68 


64 


•009 663 9 


•0158846 


•022 339 3 


•028 848 3 


•034 409 2 


•033 943 4 


69 


66 


•0106948 


•0173729 


•024 338 6 


•031 418 4 


•037 525 6 


•042 567 2 


70 


66 


*oii 902 9 


•019 098 4 


•026 637 8 


•0343519 


•041 057 


046 644 8 


71 


67 


•013 305 2 


'021 082 5 


•029 261 5 


•037 675 4 


•045 030 4 


•051 2030 


72 


68 


•014 917 6 


•023 345 3 


•032 232 9 


•041 414 I 


•049 472 


•056 269 2 


73 


69 


•016 755 


•025 905 6 


'OZS 573 7 


•045 592 5 


•054 408 4 


•061 872 6 


74 


70 


•018 830 9 


•028 781 T 


•039 305 3 


•050 235 3 


•059 868 


•068 045 5 


76 


71 


•021 1585 


•031 989 3 


•043 449 4 


•055 369 2 


•065 882 2 


074 824 8 


76 


72 


•023 751 3 


•035 543 4 


•048 029 5 


•061 023 7 


•072 487 2 


•082 253 4 


77 


73 


•026 623 4 


•039 473 7 


•053072 I 


•067 232 8 


•0797245 


•090 380 5 


78 


74 


•029 790 9 


•043 802 6 


•058 607 6 


•074 035 4 


•087 642 4 


•099 262 8 


79 


76 


•033 272 I 


•048 546 4 


•064 67 1 


•081 477 8 


•096 295 8 


•1089594 


80 


76 


•037 062 s 


•0537186 


•071 287 6 


089 601 7 


•105 742 6 


•"9 554 3 


81 


77 


•041 251 6 


•059 409 7 


•073 543 


•098 489 8 


•116 064 4 


•131 1180 


82 


78 


•045 823 8 


•065 621 I 


•086 462 


•108 190 5 


•127330 I 


'143 739 I 


83 


70 


•0508140 


•07 2 400 6 


•095 105 


•1187783 


•1396259 


•157 514 3 


84 


80 


•056 260 6 


•079 799 9 


•104 538 4 


•130 334 3 


•1530460 


•172 549 I 


86 


81 


•062 205 I 


•087 875 9 


•114 834 4 


•142 946 9 


•1676933 


•188 958 7 


86 


82 


•068 693 3 


•096 690 3 


•126 071 8 


•156 712 8 


•1836799 


•206 868 8 


87 


83 


•075 774 7 


•106 310 7 


•133 336 3 


•171 737 4 


'201 1284 


•226416 7 


88 


84 


•083 503 7 


•116 810 8 


•151 723 2 


•188 1360 


•220 172 4 


•2477520 


89 


86 


•091 939 3 


•128 271 I 


'X66 333 8 


•206 034 


•240 957 6 


•271 038 I 


90 


86 


•loi 146 4 


•1407793 


•182 2803 


•225 568 7 


•263 643 6 


•2964536 


91 


87 


•III 1954 


•154 431 2 


•199 684 9 


•246 889 6 


2884040 


•324 193 


92 


88 


•122 163 2 


•169 331 5 


•218 681 2 


•270 160 


•3154284 


•354 469 


93 


88 


•134 133 9 


•135 594 3 


•2394143 


•2955534 


•344 924 I 


•3375135 


94 


90 


•147 1993 


•203 344 I 


•262 043 4 


•323 279 I 


•377 116 7 


•423 579 5 


96 


91 


•161 459 3 


•222 717 


•286 741 6 


•3535346 


•412 2531 


•462 943 3 


96 


92 


•177 0233 


•243 861 3 


•3136933 


•336 556 7 


•450 602 4 


•505 906 7 


97 


93 


•194 010 4 


•266 939 2 


•343 "9 9 


•422 598 5 


•492 453 3 


•5527936 


98 


94 


•2125509 


•292 127 2 


*37S 231 3 


•461 935 9 


•533 141 5 


•603 978 4 


99 


96 


•232 786 7 


•319 618 5 


'410 280 I 


•504 870 2 


•588 002 I 


•659 838 I 


100 


96 


•2548728 


•349 623 5 


•443 533 I 


•5517306 


•642421 9 


•7208055 


101 


97 


•2789786 


•382 372 2 


•490 284 I 


•602 875 8 


•701 817 9 


•737 347 3 


102 


98 


•305 288 5 


•413 115 5 


•535 352 7 


•658 697 8 


•766 645 I 


•859 974 8 


103 


99 


•334 004 3 


•457 127 2 


•535 533 2 


•719 624 2 


•837 400 


• • • 


104 



Note. — In the final table, the rates of mortality given by the formula at the younger ages were 
slightly reduced, to avoid rates decreasing with the age. These changes only slightly modified the 
values of /[^j+z for values of x»20 to 24. 
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(28). The following tables show the value of the graduated 
expectations of life, as compared with the unadjusted value of these 
functions, both at the date of entry and after 5 years ; Table XII for 
the original graduation of the male experience, Table XIII for that 
ultimately adopted, (the value of the constant a in the formula 
for colog/;p being reduced to '00260), and Table XIV for the female 
experience. It will be seen that, except that the values of the 
expectations in the second graduation of the male table are 
(owing to the arbitrary reduction just referred to) somewhat in 
excess on the whole of the adjusted values, there is in both tables 
a very fair agreement with the original data, the average deviations 
being considerably below the estimated amount 

Table XIL 

Male Annuitants. Select Tables. 

Unadjusted and Adjusted Expectations. 

First Graduation (a» -00287). ^ 



Age 

67 
62 
67 
72 
77 
82 
87 


HxAN OF Five Values 


Errors 


Mkan of ^iyb Valuks 


Errors 


Unacljusted 


Adjusted 


+ 


— 


Unadjusted 


AcUiiRted 


+ 


— 


1567 
12*64 

lo-ii 

7-48 

574 
*(4-os) 
*(2*73) 


±•38 
±•30 
±-19 
±•15 
±•15 
±•15 
±•15 


15-66 
12-69 
10*01 

7*66 

567 
4*04 

2-77 


• • • 

•05 

• • • 

•18 

• • • 

• • • 

•04 


•01 

• • • 

*IO 

• • • 

•07 

•01 

• • • 


16*09 

I3'i6 

10-32 

8*22 

6-36 

432 

• • • 


±•29 

±•20 

±•15 
±•14 

:t*l6 

±*i9 

• • • 


16*05 
13*10 

10*45 
8*14 

6*17 
4^57 

• • • 


• • • 

• • • 

•13 

• • • 

• • • 

•25 

• ■ • 


•04 
•06 

• • • 

•08 
•19 

• • • 

• • • 



Table XIII. 

Male Annuitants. Select Tables. 

Unadjusted and Adjusted Expectations. 

Second Graduation (a-*00260). 



4 

T ^ 



Age 


Mean of Fivb Valubs 


Errors 


Mean of Five Values 


Errors 


Unadjnsted 


Adjusted 


+ 


- 


Unadjusted 


Adjusted 


+ 


- 


57 
62 
67 
72 
77 
82 
87 


15*67 
12*64 

10*11 

7*48 

574 
*(4^o5) 
*(273) 


±•38 
±•30 
±•19 

±•15 
±•15 
±•15 
±•15 


1577 
1277 

io'o6 
7-69 

4'OS 
277 


*IO 
•13 

• • • 

*2I 

• • • 

• • • 

•04 


• • • 

• • • 

•05 

• • • 

•05 

• • • 

• • • 


16*09 

13*16 

10*32 

8*22 

6*36 

432 

• • • 


±-29 

:1:*20 

±-15 
±•14 

db'i6 

±•19 

• • • 


16-15 

I3'i7 
10-50 

8-16 

6-19 

4-57 
• • • 


-06 
-01 
•18 

• • • 

• • • 

'25 

• • • 


• • • 

• • • 

• • • 

•06 
•17 

• • ■ 
e • • 



Taken from Aggregate Table excluding ist 5 years from entry. 
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Table XIV. 

Female Annuitants. Select Tables. 

Unadjusted and Adjusted Expectations. 



Age 

42 
47 
62 
67 
62 
67 
72 
77 
82 
87 


Mean of Fitb Values 


Brrors 


Mean or Five Values 
T«l 


Brrors 


Unadjusted 


Adjusted 


+ 




Unadjusted 


A4justed 


+ 


— 


• • • 
24*42 
21*28 
17*90 
14*92 

"•57 
889 

6*58 

4*53 
*(3^i4) 


• • ■ 

±•45 
±•32 

±*33 

±*i6 
±*ii 
±*09 

±*io 

±*I2 
±•12 


• • • 
24*48 
21*21 
17*99 

14*78 

11*67 

8*87 

6*50 

4^6o 
3-14 


• • • 

•06 

• • • 

•09 

• • • 

*io 

• • • 

• • • 

•07 
• • • 


• • • 

• • • 

•07 

• • • 

•14 

• • • 

*02 

*o8 

• • • 

• • • 


28*55 
24*71 

21*78 

18*66 

15-08 

12*13 

9-49 
6*74 

5-00 

• • a 


±*66 
±*4i 
±-25 
±-17 
d=*ii 
±•09 

±*IO 

±*ii 
±•16 

• • • 


28*29 

24-95 
21*69 

i8*45 
15*22 

12*12 

9*34 
7*00 

5-13 

• • • 


• • • 
•24 

• • • 

• • • 

•14 

• • • 

• • • 
*26 

-13 

• • • 


•26 

• • • 

-09 
•21 

• • • 

•01 

•IS 

• • • 

• • • 

• • • 



* Taken from Aggregate Table excluding ist 5 years from entry. 

(As the values of ^x-sHs ^^' ^S^^ 47 ^^ 57 ^^^ somewhat below the values of <r according to 
the Aggregate Table, excluding first five years from entry, the means of the respective values 

^jf-sH-s and ex have been substituted at those ages.) 

(29). It will be interesting, finally, to give a comparison between 

the unadjusted annuity values obtained by grouping the facts for five 

successive ages at entry, as already published for quinquennial 

ages in the volume of unadjusted data, and the values corresponding 

to the finally adjusted tables ; and this is done in the following 

table : — 

Table XV. 

Annuitant Experience. 

Comparative Table of Select Annuity Values at 3 per cent. Interest. 



Age at 
Purchase 


Mat.s Lives 


Female Lives 


Values 

obtained by 

grouping facts 

for 6 Ages 

at Purchase 


Values 

fh)m 

Actuated 

Tables 


Brrors in 
Adjustment 

+ - 


Values 

obtained by 

grouping facts 

for 5 Ages 

at Purchase 


Values 

from 
Adjusted 

Tables 


Errors in 
Adjustment 


(«) 


W 


(h) - (a) 


{a') 


ih') 


{h') - {a') 


40 
46 
60 
66 
60 
66 
70 
76 
80 


• • • 

• • • 

• • • 
12-67 

IO-86 
903 

7-31 
6'io 

4-53 


• . • 

• • • 

• • • 

12-66 
IO-88 

9*12 

7*44 
5 '90 
4-54 


• • • 

• • • 

• • • 

• • • 

•02 
•09 

•13 

• • • 

•01 


• a • 

• • • 

• • • 

-01 

• • • 

• • • 

• • • 

•20 

• • • 


i8-i8 
16-99 

15-59 
i3'97 

I2-l6 

10-28 

8-47 
664 

4*94 


1826 
16-93 

15-51 

13-97 
12-23 

10-33 
8-41 

6-6i 
5-05 


•08 

• • • 
■ • • 

• • • 

•07 

•OS 

• • • 

• • • 

•II 


> • • 
•06 

-08 

■ • • 

• < « 

• • • 
-06 
•08 

• • • 


Average 


8-417 


8-423 


•006 


• • • 


11*912 


11-922 


•010 


• • • 
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WHOLE-LIFE PABTICIPATINa EXPEBIENCE. 



MALE LIVES. 



(30). With respect to the long duration of the effect of selection, 
and the difficulty of effecting a satisfactory junction between the 
mortality rates of the select experience and the corresponding 
aggregate table after so short a period as five years, the assurance 
experience presents similar features to that of the annuitants. 

Here, however, it is obviously important that the table 
representing the ultimate mortality after the effect of selection is 
presumed to have worn off should not over-estimate the annuity 
values. In other words, it is most important that we should have a 
safe table for the purpose of valuations, and it is of somewhat less 
importance that the graduated table should represent precisely the 
true rates of premium at the date of entry, provided that these are 
not under-estimated, and that there is a fair agreement during the 
principal entry ages. 

(31). The following Table XVI will be found very instructive as 
to the question of the effect and duration of selection. As already 
stated, I think the expectations for various periods after entry form 
the most satisfactory basis of comparison, where a rapid view of the 
effect of selection is desired. 

Table XVI. 
Whole-Life Participating Assurance Experience— Males. 

Mean values of ungraduated curtate Expectations for 6 consecutive ages. 



Oronped 
Ages 








81LXOT 


Tables 








Tbunoatbd 

aoobbqatx 

Tabi^ 


Individual Aojes at Entry 


Combined Aobb 

AT BNTRT 
























t«] 


«tx-8H-B 


^-103+10 


^-16]+16 


«t«-20]+20 


ct«-»H-a 


^? 


X 


^^^ 
** 


^]? 


(1) 


(2) 


(8) 


(4) 


(6) 


(6) 


(0 


(8) 


(9) 


00) 


(U) 


20-24 


40-91 


• • • 


• •• 


f •• 


• • • 


• • • 


40*72 


40*27 


40-59 


4050 


25-29 


37*57 


36-88 


• • • 


• • • 


■ •• 


• • • 


3699 


36-76 


3680 


36-65 


30-34 


33*56 


33*43 


33*17 


• • • 


■ • • 


■ • • 


33*25 


33*06 


3306 


3293 


35-39 


2995 


29*45 


29*65 


29*54 


• t • 


• • • 


2954 


29*40 


29*37 


29*27 


40-44 


26-36 


a5*«7 


25*74 


25*97 


25*95 


• • • 


2585 


25*74 


25-70 


25-62 


45-49 


22*62 


22*33 


22'I5 


22*16 


22*42 


22-38 


22*26 


22*20 


22*13 


22*08 


50-54 


"P2 


18-73 


18*76 


i8'68 


18-73 


1905 


18*79 


18-75 


18*67 


18*64 


55-59 


16-28 


15*70 


15*35 


15*44 


15*44 


15*47 


15*51 


15*48 


15*42 


15*39 


60-64 


13-38 


12-74 


12-57 


12*24 


12*41 


12-42 


12-46 


12*44 


12-38 


12-37 


65-69 


10-56 


10*07 


9*74 


9*73 


9*55 


9*65 


9*72 


9-71 


9-66 


9-66 


70-74 


8-97 


7*72 


7*62 


7*32 


7-28 


7-19 


736 


7*35 


7*32 


7*32 


75-79 


• • • 


• • • 


5*69 


5*55 


5*36 


5*31 


5*40 


5*39 


5*37 


536 


80-84 


• • • 


• • • 


• • • 


4*37 


4*06 


3*72 


3*84 


3*84 


382 


3*82 


85-89 


••• 


• 1 • 


• • • 


• • • 


303 


3*11 


2-74 


2-74 


2-71 


2-71 



H7 

(32). A comparison of these expectations will bring out the 
following points, which can only be briefly touched upon : — 

(i). The age at entry in certain cases materially affects the 
mortality throughout the whole of life. For example, lives entering 
between 20 and 24, and in still more marked manner those entering 
between 25 and 29, show better rates of mortality at all ages passed 
through than the average. Twenty-five years after entry the average 
expectation of life ^(a7]+as(= 1905) is distinctly higher than that of a life 
of corresponding present age having entered only five years previously 

^U7]+5(=i873). 

(ii). The aggregate tables excluding either the first 5 or first 
10 years of assurance (what have been termed the "Truncated 
Aggregate Tables ") give lower expectations than the corresponding 
select table for combined ages at entry. This is, of course, due to 
the further exclusion of duplicate cases, in combining the experience 
for all ages at entry. It has the effect, however, of rendering it 
extremely difficult, at however remote a period after entry, to 
satisfactorily join on the mortality of the select tables for individual 
ages at entry, with the mortality of the corresponding truncated 
aggregate table — although a junction can be fairly well effected 
with the corresponding select table (combined ages at entry) after 
10 years, and no doubt perfectly well after about 15 years from the 
date of assurance. 

(33). In these circumstances, after much discussion and experi- 
ment, the Committee came to the decision to publish graduated 
tables representing — 

Aggregate Data: — 

{a). An O** Table, all ages at entry combined, 

(6). An 0^(s) Table, all ages at entry combined, but excluding 
the first five years of assurance. 

Select Data: — 

(c). An O^^^ (or Select) Table formed from the entire whole- 
life participating experience, distinguishing each age 
at entry for the first ten years of assurance, the 
individual mortality tables after ten years running into a 
table formed by the aggregation of the whole of the 
select data excluding the first ten years of assurance. 

It may, I think, be said that the Committee in arriving at 
this decision recognised that there was a demand among actuaries, on 
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the one hand, for tables that would correspond to the now familiar 
combination of the H** and H**^> Tables, and, on the other hand, for 
Select Tables which would represent a more thorough analysis of the 
data, and in particular would afford a satisfactory basis for the 
calculation of the true " risk " premiums at the date of entry. 

I. Aggregate Data— 0* & O^'C^). 

(34). With respect to the first two Tables, the O^ and 0^^\ 
I must confess that I regarded the latter as by far the more important, 
and I adhere to this view, although it may not be generally shared. 
I propose to deal first, therefore, with the O^^^ Table. 

(35). Makeham's formula in the present instance represents very 
fairly the general features of the experience. This will be seen from 
the following comparison (Table XVII) of the actual deaths with 
the numbers resulting from the adjusted rates of mortality. The bulk 
of the table, from age 25 to 79, lies very close to the original facts. 
After age 85, the constants employed in constructing the table 
somewhat exaggerate the mortality, and similarly below age 25. 
Neither of these features appears to me to be of great importance. 
It is possible that the rates of mortality in the original table are 
somewhat under-estimated at the extreme ages. An examination of 
cards representing lives at risk over 95 years of age showed that 
some of these exposures were fictitious, and simply due to the 
omission on the cards of the date and cause of exit. With such an 
enormous m.ass of entries, it was inevitable that a few such omissions 
should take place, and, while these would have very little effect upon 
the numbers exposed to risk in the body of the table, where these 
numbers amounted to tens of thousands at eacfi age, they might at 
the extreme ages become of sufficient importance to unduly swell the 
exposed to risk, and so under-estimate the rates of mortality. In any 
case, I think that the observed rates of mortality above 90 need have 
but little weight attached to them, and, in determining the best 
constants for the table, I have taken the data between ages 20 and 
89 only. It will be seen from Table XVII, that on the average the 
deviations of the adjusted from the unadjusted table are within the 
probable errors of observation. 

The sum of the accumulated deviations is not accurately zero, 
as to produce this result a still smaller value of the constant A 
would have been necessary (viz., -005866), the value being already 
slightly below that of the male annuitant table. 
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Table XVII. 

Whole-Life Participating Assurance Experience— Males. 

Aggregate Table, excluding pet FIVE Yean' Experience. 

Combined "Old" and "New" Assurances. 

A « -OOSSSSSei B = -000103794 /i. =■ A + Be* 

a =-002557500 /5 = -000047163 Cologi>»-a + /3c« 



Lege =-039 



Group of 
Ages. 


Bxpecied 
Deaths. 


Actual Deaths. 


Deviations. 


Expected 
Deyiation. 


+ 


— 


± 


16-9 
20^ 
26-9 
80-4 
86-9 
40-4 
46-9 
60-4 
66-9 
00-4 
66-9 
70-4 
76-9 
80-4 
86-9 


l8 
136 

949 

3*136 

5,683 

7,981 
10,277 
12,613 
14,921 
16,808 
17,448 

15,929 
12,147 

7,207 

2,970 


10 
122 

924 . 

3,072 

5,689 

8,152 
10,257 
12,620 

14,903 
16,618 

17,455 
16,042 

12,172 

7,3n 
2,865 


8 

14 

25 
64 

• • • 

• • • 

20 

• • • 

18 
190 

• • • 

• • • 

• • • 

• • • 

105 


• • • 

• • • 

• • ■ 

• • • 

6 
171 

• • • 

7 

• • • 

• • • 

7 

"3 

25 
no 

• • • 


3 

9 

24 

44 
60 

72 
81 
89 

97 

lOI 

103 
98 

83 
63 
38 


Total... 


128,223 


128,218 


444 


439 


±965 


±883 



(36). A useful comparison of the graduated and ungraduated 
tables can also be made by means of the expectations of life. In 
Table XVIII, the mean expectations of life for quinary groups 
of ages are given according to the unadjusted S-year aggregate table, 
and according to the graduated table, and for the sake of comparison 
according to the H^^s) Table. It will be seen that the first two series 
between ages 25 and 80 are practically identical, and that such 
differences as exist are extremely minute as compared with the 
differences between the H^^s) and the present tables. 

(37). In the determination of the constants, the principle of 
moments, already referred to, was employed by comparing the 
summation and double summation of the graduated and actual deaths 
arranged in quinary groups. Three trial values of the constant log r, 
equal to '038, '039, and '040 being employed, it was found that 
the intermediate value '039 gave the most satisfactory result, and 
that no appreciable advantage was gained by taking this constant to 
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a larger number of decimals. In the first instance the expected 
deaths by the graduated tables were computed by taking the deaths 
at age x divided by the exposures in the middle of the year, as equal 
to /*ar+j- This method was convenient, and sufficient for a first 
approximation; the expected deaths were, however, subsequently 
computed accurately by the adjusted values of ^^. 

Table XVIII. 
Whole-Life Participating Assurance Experience-— Males. 

Aggregate Table, excluding first FIVE Years' Experience, 
Comparison of the Expectations of Life. (Mean of Five Values.) 





New Bxperiencb 


Deviations 


1 


DlFFERRNCES 


Oronp of 






A-U 


HM(« 


OM(6)«.HM(6) 






Ages 


UuacUnstod 


Adjusted 
0M(5) 








+ 


— 


+ 


— 


20-4 


40-59 


40-43 


• • • 


•16 


38*45 


1-98 






25-9 


36-80 


36-77 


• • • 


•03 


35*39 


1-38 






30-4 


33 '06 


3307 


•01 


• t • 


32-04 


1-03 






86-8 


29*37 


2938 


•01 


• • • 


28-53 


•85 






40-4 


2570 


2571 


•01 


« • • 


25-02 


-69 






46-9 


22-13 


22'12 


• • ■ 


•01 


21*55 


•57 






60-4 


18-67 


18-67 


• • • 


• • • 


l8-20 


•47 






65-9 


15*42 


15*40 


• t • 


•02 


15-02 


•38 






60-4 


12-38 


12-3? 


• • • 


• • • 


1205 


•33 






66-9 


9-66 


9-68 


•02 


• • • 


9-41 


•27 






70-4 


7*32 


7*32 


• • • 


• • • 


7*05 


-27 






76-9 


5*37 


5*35 


• • • 


•02 


5*15 


•20 






80-4 


3-82 


3*76 


• • • 


•06 


3*67 


-09 







Average Deviation Ages 25-79, irrespective of sign, = ± *oi2, or, with signs, — -0027. 

In Table XIX are given the values of the graduation constants 
adopted, and their logarithms. 

Table XIX. 
Graduation Constants.— OM(b> Table. 



Constant 


Value 


Common Logarithm 


Napierian Logarithm 


k 


114 157-6 


'5*0575047 


11*6453349 


S 


•9941287 


1*9974425 


1-994 HI I 


i 


•998 844 9 


1-999 498 


1*9988442 


c 


1*0939564 


0-039 000 


0*089 800 8 


A 


•005888861 


3*7700313 


6-865 307 3 


B 


-000 103 794 


4^oi6 1709 


10-826 894 5 


a 


-002 557 500 


3^407 815 6 


6^031 2748 


P 


•000047 163 


5-673 601 4 


To^038 099 I 











(38). In the adjustment of the O** Table, the use of Makeham's 
formula alone was not practicable ; not only did the facts not lend 
themselves very satisfactorily to the formula, but it was evidently 
desirable, for the sake of logical consistency, that the later portion of 
the table above age 85, where the facts were identical with those of 
the 0**^5) data, should also be identical with the graduated 0^^> cur\'e. 
The graduated O^ Table was accordingly built up on the basis of the 
graduated 0^^\ by the addition of a double frequency-curve to the 
formula representing the function A colog,o{/x), the relation between 
this function in the two Tables being as follows : — 

Acol.o(p;.)^^=Acol,.(i>.)^"^%^, .... (17) 

col„W^"=col„(l>^)^"^'^-SX .... (18) 

where fl>„^'00(X)50^00e''^^^'^*^^^'*^-\''(KmilSS5e''^^^ (19) 

= 000050400(10) - •<»«2(»-«)«+ .000011885(10) - -ooecKce-s-*)' (20)* 



(39). The values of the constants in formula (20) were obtained in 
the following manner: — The deviations between the unadjusted values 
of colog/^ for the O^ and 0^<5) Tables having been set out graphically, 
and a smooth curve drawn through the unadjusted values, it was clear 
from the nature of the curve that a double frequency-curve of the 
above form with suitable co-efficients would well represent the 
observations. Approximate values of the con^ants were found by 
considering first the form of the curve at the older ages, and after this 
had been satisfactorily represented by the second term on the right- 
hand side of equation (18), by then dealing with the residual series. 
As, for reasons already stated, it was necessary to abandon Makeham's 
formula pure and simple, the only object in view was to obtain a 
perfectly smooth curve, and to represent as nearly as possible the 
ungraduated facts. 

(40). Table XX gives a comparison of the graduated and 
ungraduated deaths under the full aggregate O^ Table, from which 
it will be seen that there is a sufficiently close agreement throughout 
between ages 10 and 89. 



* The fundamental values for the O** Table were computed to six decimal places, 
by the formula given on page i of the published Tables, the results being practically 
identicall with those given in Table XXI. 
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Table XX. 
Whole-Life Participating Assurance Experience— Males. 

Full Aggregate Table. 
Same constants as in experience excluding first five years, with Supplementary Cnrre. 



Oroup of 
Ages 


Expected 
Deaths 


Actual 
Deaths 


Deviation 


Expected 
Deviation 


Accumulated 
Deviation 


+ 


- 


± 


+ 


— 


10-4 
16-9 
20-4 
26-9 
dO-4 
36-9 
40-4 
46-9 
60-4 
66-9 
60-4 
66-9 
70-4 
76-9 
80-4 
86-9 


II 

94 
766 

2,687 

5,202 

7,538 
9,600 

11,611 

13,651 
15,620 

17,268 

17,697 
16,033 

12,170 

7,208 

2,969 


10 

97 
806 

2,615 
5,202 

7,557 

9,731 
11,526 

13,670 

15,594 

17,093 

17,677 
16,150 

12,197 

7,317 
2,865 


I 

• • • 
« • • 

72 

• • • 

• • • 

• • • 

• • • 

26 
175 

2 

• • • 

• • • 

• • • 

104 


• • • 

3 
40 

• • • 

• • • 

19 
131 

« • • 

19 

• • • 

• • • 

• • • 

117 
27 
109 

• • • 


3 
8 

22 

41 
58 
69 
78 

85 

93 

99 
103 

104 
98 

83 
65 

38 


... 

. • * 

2 

42 

• • • 

• • • 

• • V 

120 

35 
54 

28 

. . 4 
... 
. • • 

• • « 
104 


• • a 

I 

• • • 

• • • 

30 
30 
II 

• • • 

• • « 

• • • 

• • • 

147 
149 

32 

5 

• • • 


Total... 


140,107 


140,107 


465 


465 


±1,045 


38s 


405 


±930 



(41). In the appended Table XXI the values of colog,o(/jr) 
forming the fundamental basis of the O^ and O^^^ Tables 
respectively, are set out at every age, to seven places of decimals, 
together with the difference between the cologarithms of the 
probabilities. 



'•<. 



n. Select Data— Om. 

(42). The graduation of the Whole-Life Participating Select 
Tables was the most important part of the present work, as these 
tables represent most nearly, and in the most completely analyzed 
form, the features of the original experience. 

(43). As already stated, the duration of the effect of selection 
is very considerable, but a comparison of columns (4) and (9) in 
Table XVI (p. 146) will show that on the whole it is nearly exhausted 
at the end of ten years, and there is obviously a great convenience 
in not analyzing the select mortality for a longer period after entry. 
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Table XXI. 



British Offices Life Tables, 1893. 

Values of colio(jp«)— 0* & 0***. 





QM») 




0** 




0«w 




O"' 


Age 

X 


^^ 


Dedaction 




Age 

X 


^^ 


Dedaction 




col ioCP«) 


col io(Px) 

(2)-T8) 


col }o(p») 


col loiPx) 
(2)-(8) 


(0 


(8) 


(3) 


(4) 


(1) 


(S) 


(3) 


(4) 


10 


•002 673 3 


•001 203 


•OOI 470 3 


60 


'012 875 6 


'0001508 


'012 7248 


11 


*003 684 2 


•001 199 5 


•OOI 484 7 


61 


•013 845 I 


•0001444 


'013 700 7 


12 


'002 696 I 


'001 1948 


•001 501 3 


62 


•014 905 6 


•000 1 36 9 


•014 768 7 


18 


*002 709 I 


*ooi 1888 


'OOI 520 3 


63 


•0160658 


•000 1283 


•015 937 5 


14 


•002 723 3 


'001 181 2 


001 542 I 


64 


•0173350 


'000 118 7 


•017 2163 


16 


•002 738 9 


•001 171 6 


•OOI 567 3 


66 


•0187234 


'000 108 2 


'018 615 2 


16 


•ooa 755 9 


'ooi 1597 


•001 596 2 


66 


•020 242 3 


•000097 2 


•020 145 I 


17 


•002 774 6 


•001 145 2 


'001 629 4 


67 


'0219039 


•000 085 8 


•021 818 1 


18 


•002 795 


•001 127 7 


'OOI 667 3 


68 


'023 721 6 


•000 074 5 


023 647 I 


19 


'0028173 


•001 107 I 


•001 710 2 


69 


•025 710 1 


•000 063 5 


•025 646 6 


20 


'002 841 7 


*ooi 083 


•001 758 7 


70 


•027 885 4 


•000 053 


•027 832 4 


21 


'002 868 4 


•OOI 055 2 


•001 813 2 


71 


•030 265 2 


•000 043 4 


•030221 8 


22 


*oo2 897 6 


'OOI 023 8 


•OOI 873 8 


72 


•032 868 5 


'ooo 034 8 


•032 833 7 


28 


•002 929 5 


'0009886 


•001 940 9 


78 


•0357164 


'000027 3 


•035 689 I 


24 


•002 964 5 


'000 950 


•002 014 5 


74 


•038 831 9 


•000 020 9 


•0388110 


26 


•003 002 7 


'000908 I 


*oo2 094 6 


76 


'042 240 I 


'000015 7 


•042 224 4 


26 


•003 044 6 


•000 863 3 


•002 181 3 


76 


•045 968 5 


•000 01 1 5 


•045 957 


27 


•003 090 3 


'000 816 I 


•002 274 2 


77 


'050 047 3 


•000 008 2 


•050 039 I 


28 


-0031404 


•000 767 2 


•002 373 2 


78 


•054 509 2 


•0000058 


•054 503 4 


29 


•003 195 2 


•000717 I 


•002 478 I 


79 


•059 390 4 


•000 003 9 


•059 386 5 


80 


•003 25s I 


, '000 666 7 


•002 588 4 


80 


•064 730 2 


*ooo 002 6 


'064 727 6 


81 


•003 320 6 


'0006168 


•002 703 8 


81 


•0705718 


'oooooi 7 


•0705701 


82 


•003 392 3 


•000 567 9 


•002 824 4 


82 


•076 962 I 


•000001 1 


'076961 


88 


•003 470 8 


•000 520 7 


•002 950 I 


83 


•083 952 9 


'000 000 7 


•083 952 2 


84 


•003 556 6 


•000 475 9 


•003 080 7 


84 


'091 600 5 


'0000004 


'091 600 1 


86 


•0036504 


•0004340 


'003 2164 


86 


•099 966 7 


•000000 2 


'099 966 5 


86 


•003 753 I 


•000 395 3 


•003 357 8 


86 


•109 1 18 9 


•000 000 I 


•109 1 18 8 


87 


•003 865 5 


•000 360 2 


•003 505 3 


87 


•119 131 


•000000 I 


'119 1309 


88 


•003 988 4 


•000 328 7 


•003 659 7 


88 


•1300839 


• • • 


'1300839 


89 


'004 1228 


'000 301 


•0038218 


89 


•142 065 8 






'142065 8 


40 


'004 269 9 


•000 276 9 


•003 993 


90 


•155173 s 






•1551735 


41 


•0044308 


•000 256 2 


•004 184 6 


91 


•1695127 






•1695127 


42 


•004 606 8 


•000 238 8 


•004 368 


92 


'185 1992 






'185 199 2 


48 


•004 799 3 


'0002243 


•004 575 


93 


•202 359 6 






•202 359 6 


44 


'0050099 


'0002124 


'004 797 5 


94 


•221 132 3 






'221 1323 


46 


'0052404 


•000 202 7 


•005 037 7 


96 


'241 668 8 






'241 668 8 


46 


'005 492 4 


'000 195 I 


•005 297 3 


96 


•2641348 






'2641348 


47 


•005 768 2 


*ooo 189 I 


•005 579 I 


97 


•288711 6 






'2887116 


48 


•006 069 9 


'000 184 4 


•005 885 5 


98 


•3155976 






•3155976 


49 


•006 399 9 


*ooo 180 7 


•006 219 2 


99 


•345 009 8 






•345 009 8 


60 


•006 760 9 


•000 1779 


•006 583 


100 


•377 185 3 






•377 185 3 


61 


•0071558 


•0001757 


•006 980 I 


101 


•4123840 






'4123840 


62 


•007 587 9 


0001739 


'007 4140 


102 


•450 889 8 






'450 889 8 


68 


'008 060 5 


*000 173 2 


•007 888 3 


108 


•493 013 5 






•493 013 5 


64 


•008 577 5 


'000 1706 


'008 406 9 


104 


•539 095 






•539 095 


66 


•009 143 2 


•0001688 


•008 974 4 


106 


•589 506 I 






•589 506 I 


66 


•009 761 9 


•000 166 6 


'009 595 3 


• • t 


• • • 






• • • 


67 


•010 438 8 


•000 163 9 


'010 274 9 


• • • 


• • « 






... 


68 


•on 1793 


•000 1604 


*oii 018 9 


• • • 


• • ■ 






• a • 


69 


•on 9894 


•000 1 56 I 


•on 833 3 


... 


• ■ • 


• • • 
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Table XXII. * 

Whole-Life Participating Assurance Experience— Male Lives. 

Excluding the fnt TEN Years' Experience, 



MalesCio]. 



Select Data. 











CurUte 










Curtate 


Agt 


Bzpoted 
toRiftk 


Died 


Rate of 
Mortality 


Expecta- 
tion 
of UTe 


Age 


ExTMsed 
to Risk 


IMed 


Rate of 

HortaUty 


Expecta- 
tion 
of Life 


(1) 


(2) 


(3) 


(4) 


(6) 


(1) 


(2) 


(3) 


(4) 


(5) 


20 


84 


2 


'O238I 


4I^t88 


66 


101,099 


4,177 


•04132 


10*750 


21 


169 





•00000 


4ri93 


66 


94,968 


4,206 


•04429 


10*213 


22 


292 


4 


•01370 


40-193 


67 


88,748 


4,309 


•04855 


9*687 


23 


457 


3 


00656 


39751 


68 


82,215 


4,456 


•05420 


9181 


24 


747 


6 


•00803 


39014 


69 


75,8x2 


4,280 


•05646 


8*707 


26 


1,212 


5 


•00413 
•00633 


38^330 


70 


69,664 


4,323 


-06206 


8*228 


26 


1,895 


12 


37488 


71 


63,398 


4,213 


•06645 


7*772 


27 


2,837 


21 


00740 


36727 


72 


57,167 


4,281 


-07489 


7^326 


28 


4,099 


31 


•00756 


36001 


73 


51,152 


4,031 


•07880 


6919 


29 


5,946 


44 


•00740 


35275 


74 


45,266 


3,883 


•08578 


6511 


ao 


8,730 


75 


•00859 


34538 


75 


39,808 


3,637 


•09136 


6*121 


81 


13,702 


85 


'00620 


33838 


76 


34,815 


3,512 


•10088 


5737 


82 


20,034 
27,986 


154 


•00769 


33049 


77 


29,959 


3,212 


•IO72I 


5381 


83 


235 


•00840 


32305 


78 


25,691 


3,035 


•II813 


5027 


34 


37,177 


315 


•00847 


31578 


79 


21,704 


2,764 


•12735 


4^700 


35 


47,860 


433 


•00905 


30848 


80 


18,177 


2,551 


•14034 


4386 


86 


58,706 


537 


•00915 


30^130 


81 


14,944 


2,223 


•14876 


4*102 


87 


69,286 


653 


•00942 


29-408 


82 


12,083 


1,987 


•16445 


3819 


88 


80,005 


706 


-00882 


28*688 


83 


9,7" 


1,684 


•I734I 


3570 


89 


90,419 


790 


00874 


27943 


84 


7,680 


1,558 


•20286 


3319 


40 


101,070 


1,016 


•01005 


27189 


86 


5,853 


1,162 


•19853 


yi64 


41 


110,136 


1,141 


•01036 


26*466 


86 


4,505 


930 


•20644 


2948 


42 


118,500 


1,249 


•01054 


25743 


87 


3,400 


788 


•23176 


2*715 


48 


125,838 


1,422 


•01 130 


25*017 


88 


2^93 


602 


•24148 


2534 


44 


132,459 


1,633 


•01233 


24303 


89 


1,808 


464 


•25664 


2-340 


46 


138,275 


1,684 


•OI2I8 


23*606 


90 


1,249 


328 


•26261 


2-148 


46 


143,054 


1,834 


'OI282 


22897 


91 


866 


246 


•28406 


1-913 


47 


146,685 


1,903 


•01297 


22195 


92 


606 


195 


•32178 


1673 


48 


149,210 


2,153 


•01443 


2i^486 


93 


393 


154 


•39186 


1466 


49 


150,870 


2,187 


•01450 


20*801 


94 


226 


93 


•4II5O 


i^4ii 


60 


152,521 


2,380 


•01560 


20*107 


95 


125 


57 


•45600 


1-398 


61 


152,829 


2,478 


'OI62I 


19425 


96 


65 


15 


•23077 


1569 


62 


152,392 


2,575 


'OI690 


18-746 


97 


46 


20 


•43478 


1-040 


63 


151,197 


2,809 


•01858 


18068 


98 


25 


13 


•52000 


-840 


54 


149,048 


2,829 


•01898 


17-410 


99 


8 


5 


•62500 


•750 


65 


147,015 


3,087 


•02100 


16-747 


100 


3 


2 


•66667 


1*000 


66 


144,099 


3,253 


02257 


16106 


101 


I 





•00000 


2*000 


57 


140,493 


3,369 


02398 


15-478 


102 


I 





*00000 


i-ooo 


58 


136,620 


3,260 


•02386 


14^858 


103 


z 


I 


1*00000 


•000 


69 


132,824 


3,552 


•02674 


I4^22I 












60 


128,559 


3,797 


•02954 


13*612 












61 


123,571 


3,671 


•02971 


13*026 












62 


118,496 


3,878 


•03273 


12*425 












63 


112,891 


4,038 


•03577 


11*846 












64 

1 


107,244 4,244 


•03957 


ir285 











^ss 



(44). The first step was the graduation of the Select Table 
(combined ages at entry) excluding the first ten years from entry, 
and it will be convenient here to give in full {see Table XXII) the 
table of exposed to risk and died, together with the unadjusted rates 
of mortality and curtate expectations of life, as this table has not 
been elsewhere published, although the data from which it has 
been constructed are of course to be found in the volume of the 
unadjusted mortality experience. 

It was obviously desirable that the graduation of this table should 
proceed as far as possible on similar lines to the O^^s) Table. The 
graduation was therefore made by Makeham's formula, the value of 
leg c being assumed equal to '039 as in the former table, and the 
constants A and B were determined in the method already described, 
viz., by equating to zero the total of the deviations and of the 
accumulated deviations between the adjusted and actual deaths. 
Table XXIII will show the extent of agreement between the 
graduated and ungraduated tables. 

Table XXIII. 
Whole-Life Participating Assurance Experience— Males. 

Truncated Table, TEN Yeare (Select Data), 
Loge»-039 a»*0026111 i3s*0000466d5 in cologio(p«)=a + /3c« 



droup of 


Actual 


Expected 


Expected 
Deviation 


Actual Deviation 


Accumulated 
Deviation 


Ages 


Deaths 


Deaths 








± 


+ 


- 


+ 


— 


20-4 


15 


12 


3 


• • • 


3 


2 


... 


25-9 


"3 


116 


8 


3 


• • • 


s 


. • • 


80-4 


864 


862 


23 


• • • 


2 


2 


• • • 


85-9 


3,"9 


3,136 


43 


17 


• • ■ 


4 


• • • 


40-4 


6,461 


6,300 


62 


• • • 


161 


• . . 


13 


45-9 


9,761 


9,698 


77 


• • • 


63 


148 


• •• 


50^ 


i3»o7i 


13,183 


88 


112 


• • • 


211 


* . • 


55-9 


16,521 


16,636 


99 


"5 


• • • 


99 


. • . 


eo-4 


19,628 


19,816 


108 


188 


• • • 




16 


65-9 


21,428 


21,527 


"3 


99 


t • • 




204 


70-4 


20,731 


20,505 


112 


• . • 


226 




303 


75-9 


16,160 


16,105 


98 


... 


SS 




77 


80-4 


10,003 


9,796 


77 


... 


207 




22 


85-9 


3»946 


4,13^ 


49 


185 


... 


18s 


• .• 


Total ... 


141,821 


141,823 


±960 


719 


717 


656 


63s 










±1,436 


±1,291 



(45). The deviations at individual groups of ages between the 
actual and expected deaths may appear at first sight rather large, and 
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are on the average about 50 per cent, in excess of the expected 
deviations (these latter, however, being under-estimated, owing to the 
inclusion of duplicate assurances upon the same life). In other 
words, they are not entirely due to accidental errors of observations, 
but in part to the fact that Makeham's curve does not exactly fit the 
table. They are, however, on the whole fairly well balanced, and the 
general features of the ungraduated tables are well reproduced, as 
will be seen from the following comparison of the actual and 
expected deaths in larger age groups : — 

Table XXIV. 
Whole-Life Participating Assurance Experience — Males. 

Truncated Table, TEN Yean {Select Data), 
Comparison of Deaths in larg^er age-g^roups. 



Group of Ages 


Actual Deaths 


Graduated Deaths 


Deviation 

(Graduated 

-Actual) 


20-39 
40-59 
60-79 
80-89 


4,111 

45»8i4 
77,947 
13,949 


4,126 
45,817 

77,953 
13,927 


+ 15 
+ 3 

+ 6 
— 22 



(46). The general agreement between the ungraduated and 
graduated tables is also well shown in the following Table XXV of 
the values of the expectations of life, from which it will be seen that 
the average deviation irrespective of sign is only ±'017. 

Table XXV. 
Whole-Life Participating Assurance Experience — Males. 

Truncated Table, TEN Years {Select Data), 
Comparison of Graduated and Ungraduated Expectations. 



Ages 
at Entry 


Ages 
Attained 


Mean of Five Valuies op e^ 

AT COMSECUTIVJB AgES 


Deviation 
(G-U) 


Ungraduated 


Graduated 


+ 


15-19 
20-24 
25-29 
30-34 
35-39 
40-44 
46-49 
50-54 
65-59 

( 60-64 

1 


25-29 
30-34 

35-39 
40-44 

45-49 
50-54 

55-59 
60-64 

65-69 

70-74 


3676 

33 '06 
29-40 

2574 

22*20 

1875 
15*48 

12*44 
971 

7-35 


36-76 

33*o8 
29*40 

2575 
22*17 

18*72 

15*44 
12*44 

973 
7*37 


• • • 
02 

• • • 

. 'OI 

• • • 

• « • 

• • • 

• • • 

•02 
•02 


• • • 

• • • 

• • • 

• • • 

•03 

•03 
•04 

• • * 

• • • 

• • • 


Totals 

Average per age . . . 


210*89 ' 
21*089 


210*86 
2i*o86 

■* 


•07 

• • • 


•10 
•003 



157 

(47)* The adjustment of the rates of mortality for the first lO 
years after entry was made in the following manner : — 

A graduation was made for each year of assurance, o to 9, in the 
same manner as for the aggregate table, and a series of values thus 
obtained for the constants a and )3, it being assumed that the force 

of mortality in the middle of the year==rrj-colog,o(/[;r]+/). The 

progress of these values from year to year is necessarily very 
irregular, owing to the somewhat limited data for individual 
insurance years. They can, therefore, only be used as a general 
indication of the nature of the variation in the two constants from 
year to year. 

(48). Speaking generally, it may be said that the effect of 
selection upon the constant a is much the greater for the first two or 
three years after entry, but is somewhat rapidly exhausted, not being 
very important after the fifth year. The effect on the constant yS is, 
however, much more durable, and has by no means worn off at 
the end of the ten years. This is illustrated in the following 
Table XXVI, giving approximate values of these constants for each 
of the first 10 years of assurance, and for the ultimate table. 

Table XXVI. 
Whole-Life Participating Assurance Experience— Males 

Select Experience first TEN Years. 
Approximate Values of Constants in formula cologio(i>«)=a + iSc"« 



Tearof Assuranca 


a 


fi 





•00098 


•0000259 


1 


'•00152 


•0000354 


2 


•00188 


•0000353 


8 


•00193 


•0000396 


4 


•002 1 1 


•0000381 


6 


•00222 


•0000428 


6 


•00267 


•0000375 


7 


•00244 


•0000443 


8 


•00264 


•0000407 


9 


•00255 


' ^0000447 


111 and 

*^ upwards 


•00261 


•0000466 



(49). In determining the form of curve during the first ten 
years, account had to be taken of the same necessary conditions 
as in the case of the annuity experience, that is to say, while 
adhering as closely as possible to the facts for various age groups 
and durations of assurance, it was necessary to effect a smooth 
juncture between the select and aggregate curves, and it was very 
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desirable to adopt expressions for the difference between the select 
and aggregate mortality during the first ten years, such as would 
permit of the exact calculation of the values of the force of mortality 
for each year. 

(so). As the variations in the constant fi were on the whole the 
more intractable, this constant was dealt with in the first instance, 
and owing to the persistence of the effect of selection on its value, it 
was necessary to adopt a curve for the values of /[^]+/ which, while 
tangential to the ultimate curve for the value /= lo, should leave it 
sufHciently rapidly to follow approximately the unadjusted curve. 
To this end it was assumed that the differences between the two 
curves log/^+^ and log/[^]+/, so far as this difference depended on 
a change in the ^ constant, was represented by a parabolic curve, 
as in equations (21) and (23) below. It was then assumed that the 
deviations of the constant a from its ultimate value would form 
a similar parabolic curve near the point of juncture between the 
select and aggregate tables, together with a rapidly diminishing 
geometrical series, representing the rapid rise in the value of this 
constant in the first year or two after entry. 

(51). The formula for log /[x]+/ for values of / from o to 10 
thus became — 

log,o/w+/=logio/;r+/-//-^^'^* 'i * * ' ^^^^ 

where //=/«(io— /)*+w'(0' .... (22) 
and '^^=«(io— /■)• (23) 

The values ultimately adopted for w, m\ and «, were respectively 
•000040955, '00112, and -02386. As the value of ^' worked out at 
•24, the second term of ^ rapidly became insignificant 

(52). The general form of curve having thus been decided upon, 
the numerical values of the constants, there being four unknown 
quantities, were determined by equating to zero : — 

(i) The total of the deviations between the actual and expected 
deaths in the first ten years of assurance, for all ages at 
entry from 15 to 74. 

(2) The total of the accumulated deviations, when arranged in 

quinquennial groups of ages. 

(3) The total deviations for the above ages at entry, for the 

year of assurance o. 

(4) The total of the accumulated deviations, taken for quin- 

quennial groups of ages for year of assurance o. 
As a matter of fact, the values of the constants so determined 
were also found to give a very close agreement between the totals of 
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the expected and actual deaths for all ages for years i to 4, 
and for years 5 to 9, of assurance. 

(S3). The expected deaths in all cases were computed from the 
value of fjLjc+^ combined with the exposed to risk in the middle of 
each year. They were subsequently, however, computed by the 
values of ^^ in the finally adjusted Table XXVII, where the expected 
deaths are taken to one decimal place, the integers representing the 
actual deaths. For greater clearness, the deviations are shown 
separately in Table XXVIII. 

(54). On the whole, it will be seen that changes of sign in the 
deviations are frequent, and that there is a close agreement in the 
general characteristics of the unadjusted and adjusted tables. This 
general agreement is also apparent on a comparison of the graduated 
and ungraduated expectations at the date of entry, as shown in 
Table XXIX, the slight defect of the graduated tables as compared 
with the ungraduated on the 'average, being due to the fact that 
selection, as already stated, has not entirely worn off at the end of 
ten years from the date of assurance, and to exclusion of the data 
above age 90. 

Table XXIX. 

Whole-Life Participating Assurance Experience— Males. 

Select Tables. 

Comparison of Expectations at entry, by faj Graduated Table Joining after 
10 Years on to Truncated 1 0-Year Table (Select Data), with (bj Ungraduated 
Expectations by Select Table. (One Age at Entry throughout.) 



Ag^ at Entry 


Mean of 5 Values or Expectationb 
▲T Bntbt 


Deviation 
(G-U) 


Ungiadiiftted (b) 


Graduated (a) 


+ 


— 


16-19 
20-24 
26-29 
80-34 
d6-39 
40^-44 
45-^49 
60-64 
66-69 
60-64 


44-35 
40*91 
37'57 
33*56 

29*95 
26*36 

22*62 

19*38 
16*28 

13*38 


44*54 

40*93 
3728 

33*60 

29*92 

26*29 

22*76 

19*37 
i6-i8 

13*26 


•19 

•02 

. • • 

•04 

... 
... 

•14 

• • • 

. • • 

• • . 


• • • 

• • « 

•29 

... 

•03 
•07 

• « • 

•01 

*IO 
*I2 


Totals ... 

Average per ) 

Age ... j 
1 


284*36 
28*436 


284*13 
28*413 


•39 

... 


*62 
*023 



1 62 

(55). Similar comparisons between the graduated and ungraduated 
values of the annual whole-life premium at the date of entry is given 
in the following Table XXX, where the ungraduated values have 
been estimated by means of relative expectations of life. 



Table XXX. 

Whole-Life Participating Assurance Experience— Males 

Select Tables. 

Comparison of Graduated Annual Premiums at date of assurance with 

estimated Ungraduated Premiums, and with Sprague's Select 

Premiums (H** Data). 3 per cent. Interest. 



Age 


Ungradnated 


Graduated 
PdcJ 


Devfation 


Spragae's 
Select 


Spragae 
—New 

+ 


+ 


— 


ao 

26 
80 
85 
40 
46 
60 
66 
60 
66 


1*379 

1*535 
1779 

2-o86 

2*453 
2-952 

3*571 

4*338 

5*413 
6-872 


1*365 
1*551 
1*785 

2-o8i 

2*457 
2940 

3*564 
4'377 
5*446 
6-854 


• • • 

-016 
•006 

• • . 
-004 

• • • 

• • • 

'039 
'033 

• • • 


•014 
*• • 

• • • 
•005 

• • • 

•012 

•007 

• • • 

• • « 

•018 


1*563 
1-703 

1*925 
2'2l8 

2 -60 2 

3-106 

3*755 
4-635 
5*827 
7*433 


•198 

•151 
•140 

*i37 

•145 
•166 

•191 

•258 

•381 

*579 


Average 


3*238 


3242 


•004 


• • • 


3*477 


•235 



It will be seen that in no case does the deviation exceed one per 
cent of the premium, the average graduated premiums for all ages at 
entry, from 20 to 65, being in excess of the ungraduated by exactly 
id, per cent. 

(56). In the following Table XXXI is given a complete 
statement of the values of the various functions employed, and 
Table XXXII shows the values of colog/(^]+/ for each of the first 
ten years of assurance, and of colog/^^ for the ultimate table. 

(57). It may be noted, in conclusion, that the values of the select 
functions for the Annuitant Experience have been carried to age 99, 
as they aiay be occasionally useful at advanced ages. In the case of 
the Assurance Experience, they cease at age 75, as in the absence of 
data it would be unsafe to publish them for older ages. 

G. F. HARDY. 
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Table XIa. 
Female Annuitant Experience. 

Values of n«>f<=^S]+«-^^tii+«- 



Age at 
Entry 




Years elapsed smci : 


Date or Purchase (/) 




Age 
attained 














w 





1 


2 


8 


4 


6 or more 


a? + 6 


20 


•74679 


•72753 


•70776 


•68745 


•66669 


•64573 


25 


21 


•72439 


•70549 


•68607 


•66606 


•64558 


•62489 


26 


22 


•70231 


•68377 


•66467 


•6449s 


•62474 


•60428 


27 


23 


•68053 


•66234 


•64354 


•62410 


•60413 


•58390 


28 


24 


•65904 


•641 18 


•62268 


•60349 


•5837s 


•56373 


29 


25 


•63783 


•62028 


•60205 


•58310 


•56358 


•54376 


80 


26 


•61684 


•59961 


•58164 


•56293 


•54360 


•52396 


31 


27 


•59609 


•57916 


•56144 


•54294 


•52380 


•50432 


82 


28 


•57556 


•55891 


•54144 


•52313 


•50416 


•48484 


88 


29 


•55523 


•53885 


•52160 


•50349 


•48468 


•46550 


84 


80 


•53508 


•51896 


•50193 


•48399 


•46534 


•44629 


85 


31 


•51510 


•49924 


•48241 


•46464 


•44612 


•42720 


86 


82 


•49528 


•47966 


•46303 


•44542 


•42703 


•40823 


87 


83 


•47560 


•46022 


•44378 


•42632 


•40806 


•38938 


88 


84 


•45605 


•44090 


•42465 


•40734 


•38921 


•37064 


89 


85 


'43663 


•42171 


•40564 


•38847 


•37047 


•35202 


40 


36 


•41733 


•40264 


•38674 


•36972 


•35185 


•33353 


41 


37 


•3981s 


•38368 


•36796 


•35109 


'333BS 


•31517 


42 


88 


•37909 


•36484 


•34930 


•33259 


•31499 


•29697 


48 


89 


•36015 


•34612 


•33077 


'31422 


•29679 


•27893 


44 


40 


•34133 


•32753 


•31238 


•29601 


' ^27875 


*^6iio 


45 


41 


•32265 


•30909 


•29415 


•27797 


•26091 


•24348 


46 


42 


•30412 


•29081 


•27609 


•26013 


•24330 


•22613 


47 


48 


•28577 


•27272 


•25824 


•24251 


•22595 


'20907 


48 


44 


•26761 


•25483 


•24061 


•22516 


•20889 


•19236 


49 


45 


•24967 


•23719 


•22326 


•20811 


•19219 


•17605 


50 


46 


•23200 


•21982 


•20621 


•19141 


•17588 


•16019 


51 


47 


•21462 


•20278 


•18952 


•17511 


•16001 


•14483 


52 


48 


•i9759 


•18612 


•17324 


•15926 


•14466 


•13004 


58 


49 


•18095 


•16987 


•15743 


•14392 


•12988 


•11588 


64 


50 


•16476 


•15411 


•14213 


•12916 


•11572 


•10242 


55 


51 


•14909 


•13889 


•12742 


•11504 


•10227 


•08970 


56 


52 


•13398 


•12427 


•11335 


*ioi6i 


•08956 


•07780 


57 


53 


•11950 


•11031 


• 1 0000 


•08894 


•07767 


•06676 


58 


54 


•10573 


•09709 


•08741 


•07708 


•06663 


•05661 


59 


55 


•09271 


•08465 


•07564 


•06609 


•05650 


•04740 


50 


56 


•08050 


•07305 


•06475 


•05600 


•04730 


•03914 


61 


57 


•06917 


•06234 


•05477 


•04684 


•03905 


•03183 


62 


58 


•0587s 


•05256 


•04572 


•03864 


•03175 


•02546 


68 


58 


•04927 


•04372 


•03764 


•03139 


•02539 


•02000 


64 


60 


•04075 


•03584 


•03050 


•02507 


•01993 


•01540 


65 


61 


•03320 


•02893 


•02431 


•01967 


•01535 


•01163 


66 


62 


•02661 


•02294 


•01 901 


•01512 


•01 156 


•00854 


67 


63 


•02095 


•01785 


•01458 


•01138 


•00851 


•00613 


68 


64 


•01617 


01361 


•01093 


•00836 


•00610 


•00427 


69 


65 


*OI222 


•01015 


•00800 


•00599 


•00425 


•00289 


70 


66 


•00902 


•00738 


•00571 


•00417 


•00288 


•00189 


71 


67 


•00649 


•00522 


•00396 


•00281 


•00188 


•00119 


72 


68 


•00454 


•00359 


•00266 


•00183 


•00119 


•00072 


73 


69 


•00309 


•00239 


•00173 


•00115 


•00072 


•00043 


74 


70 


•00203 


•00154 


•00108 


•00070 


•00042 


•00023 


75 


71 


•00128 


•00095 


•00065 


•00040 


•00023 


•00013 


76 


72 


•00078 


•00057 


•00037 


•00022 


•00012 


•00006 


77 


73 


•00046 


•00032 


•00020 


•00012 


•00006 


•00003 


78 


74 


•00025 


•00017 


•0001 1 


•00006 


•00003 


'OOOOI 


79 


75 


•00013 


•00009 


•00005 


•00003 


•OOOOI 


• • • 


80 


76 


•00007 


*oooo4 


•00002 


•00001 


• • • 


• • • 


81 


77 


•00003 


•00002 


•00001 


• • • 


• •• 


• • • 


82 


78 


•ooooi 


•OOOOI 


• • • 


• • t 


• • • 


• • • 


88 


79 


•0000 1 


• • • 


• • • 


• • • 


• • • 


• • • 


84 
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NOTE 
(inserted on the authority of the joint oommittee) 

A8 to 

NET PREMIUMS FOR CONTINGENT SURVIVORSHIP ASSURANCES. 



The Net Single and Annual Premiums, computed by the method set out 
in the following pages, 173 to 175, and included on pages 102 to 109 of the 
Select Tables issued by the Committee, are based upon the assumption that 
the vitality of the assured life will correspond with that of a Select Life under 
the 0^^ Table. The deduced premiums must therefore be regarded as 
minimum rates, subject to adjustment where it is considered that this standard 
is not applicable. The separate data for Contingent Assurances, tabulated on 
pages 194 to 197 of the volume of Unadjusted Data (Minor Classes of 
Assurance), indicate for assured lives in this class a mortality higher than that 
of the Qf^^ Table, and probably more closely approximating to that of the 
QNM (Whole-Life Non-Participating) Table. Reference may be made in this 
connection to Mr. Chatham's Paper "On Premiums deduced from the 
Mortality Experience of British Life Offices." (Transactions of the Faculty 
of Actuaries, vol. i, No. 5, pages 125 to 130). 
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NOTES ON THE METHODS ADOPTED IN THE 
CONSTRUCTION OF MORTALITY AND MONETARY 
TABLES DERIVED FROM THE EXPERIENCE OF 
LIVES ASSURED AND ANNUITANTS. 



WHOLE-LIFE PABTIOIFATINQ ASSUBANOES— 

MALES. 



I. AGGREGATE TABLES— 0* AND 0"<'>. 

(a) Elementary Values. 

(i). From the graduated values of colog/^^, furnished by Mr. G. F. 
Hardy, the /^ columns were deduced, the radix of the O^ Table being 
taken as 100,000 living at age 10, and that of the O^^'^ Table as 
107,324 at the same age. The latter Table merges into the former 
after age 84, the mortality of the two being thereafter identical. 
These values of 4, expressed to the nearest integer, form the basis of 
the tabulated functions. 

(2). The usual methods were employed in the construction of the 
columns of log/^, colog4, d^, logrf^,/^, log/^, colog/^, ^^, and ^^. 

(3). The force of mortality, fij^ was computed for the O^ Table 
ages 10-84, from the formula 7(^^-x + d^) - fe-, + dx+r) ^ /^ ^nd d^ 

being calculated for ages 7 to 9 by means of the fundamental formulae 
given on pages i and 105 of the O^^ and O^^s) Tables. 

(4). For the O^^s) Table throughout, and for the O^ Table from 
age 85, /A^=A + B^ {see page 105 of the O^^s) Tables), and the 
calculations were accordingly made on that basis. These values of 
fjLjc may differ slightly from those which would have been deduced 
from the tabulated 4 and dT^, but the difference has no practical effect 
upon the annuity, or other monetary values. 

(6) Monetary Values. 

(5). The values of logD^ were found by adding logzA* to log/,, 
each being taken to seven decimal places, and also by means of the 
formula log D^ = log D^+ , + colog vfij^. Adj ustments were made where 
necessary, to correct the error introduced by the continued addition 
of logv or colog z/. 
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(6). Similar methods were followed in the construction of log C^, 
the formulae being : — 

logC^=logz^+» + logrf^ (i) 

and logC;r=logC;r+x+colog«;+Acologrfj,. . . •. (2) 

(7). The values of logD^ and log C^ at different rates of interest 
were compared by means of the formulae : — 

2rMogD'^=2r'logD,+[^+(;r+i)+ . . . +((0- i)](logz/'-log2;) (3) 

Sr MogC^=2rMogC^+[(;r+ I) + (4:4-2)+ ... + (a>)](logz/'-logz;) (4) 

thus, by the O^ Table :— 

SiriogD(3;^)=334-i4737, S;riogC(3;^)= 191-60057, 

while 2;riogD(,i;o+ S 208 (log 2/(3^- log z;(,j^) = 334-14738, 

and 2;riog C(aj%) + 5 30 1 (log v^x> " log ^(^m) = 1 9 1 '60054. 

(8). To obtain D^^ and C^c from logD^^ and logC^,-, five-figure 
logarithms were used, interpolation being made for the sixth place in 
logD^P and logC^. 

(9) . The formula R;r= ^^x— ®x+x was used to supply ^ final check 
upon the accuracy of the E';r and M;^ columns, thus, by the O^ Table 
at 3 per cent, R,o=753S94'90, while z/Sio-§ii=7S3S94'25. 

(10). Two independent methods were also employed in the 
calculation of log^^^, logA^r, and logP^, thus : — 

iogaj, =logN;r+i-logD^ • • (5) 



log^x+x = log«^ + AlogSr^+. + Acolog D 

logA, =logM^-logD^ 

logA^+x=logA;^+AlogM^+ Acolog D^ 

logP^ =logM,~logE'x 

logP:r+i =logP^+ AlogM^+AcologN^ 

(11). The formula 1/2(1+^:^^)— 2^;r=2A;p was used as a further 
check, thus, by the O^ Table at 3 per cent, v^\T{i +a^) -S;~^^= 57-928, 
and SjrA^=S7-928. 

(12.) For the computation of the continuous functions ^^, A^, 



(6) 

(7) 

(8) 

(9) 
(10) 



and P^ we have — 



x> 



«*=«;r + i-TV(M* + ^) (") 



A,= I -&3!j 



(12) 
(13) 
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(i3). These calculations were performed in duplicate, and five 
significant figures were retained in each value of the curtate annuity 
employed. The arithmometer was used for finding A^. by the above 
formula. 

(14). The values of temporary annuities were obtained by means of 
the arithmometer in the manner explained in Part II of the Institute 
Text-Book {v. pages 403-404). Verification values were calculated at 

decennial intervals from «^= •^+'"" — £±*±J ; and, finally, the sum of 

the values at each age was compared with the value of the expression 

(Q)-;r)E'^+,-S^+, 

(15). For the calculation of the values of annuities on two joint 
lives based on the O^ Table, commutation columns were formed, 
and the annuities then computed from the formula 

l0g^ay = l0g^ar+x:j.+i-l0gD^ (15) 

(16). Annuities on two, three, and four joint lives of equal age 
were calculated for the O^^^ Table by means of Gauss's logarithms, 
the formulae used being of the type 

logS'x;r=logD^^+W(logS'^+,.^+,-logD^^). . . (16) 

(17). Columns of log D^^^, log D^^^^, and logD^^^;^, were first 
formed by the continued addition of log4 to logD^. (thus, logD^j^ 
=log4+logD^, logD^^^=log4+logD^^, logD^^^^=log4+logD^^^), 
seven places of decimals being used, while for the purpose of 
verification, values of H"^^, H'^;^^, and H"^^^^, were formed at decennial 
intervals by summing the corresponding D column. 

(18). The 0^^5) Table having been constructed according to 
Makeham's first modification of Gompertz's law, it follows that . 

^Jcix+Aj) (JT+Aa) . . . (x+hm-i)^^ix+0(x+^(to m terms)' 

where ^+r*+** + . . .+^'*"*'""'=w^+', 



and hence 



= ^^& L m J -^^^^^^ 



{19). The Tables of Uniform Seniority for two and three lives, 
given on pages 244 — 249 of the O^^s) Tables, were constructed on 
this basis, the formulae being : — 



■»g v-^-] log ri±f:±£in 

/= ^ ^ -J ,and/= ^ . 3 ^ 



\ogc ' logc ' >-«sP^^tJv«ly • ('7) (18) 
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(20). In the case of the Table given on pages 250 — 251 for 
finding the value of / when ^x:x:^:4r+* = ^ar+/:;r+/:*+/::r+/ we have 

3^+^'*"*=4^"*'', whence /= ^ 4 J • (^9) 

log^ 



II. SELECT TABLES— 0^. 

{a.) Elementary Values. 

(i). The column log /[^^j+z (deduced from the graduated values of 
colog/tx]+< set out on pages 164 and 165 of the present volume) was 
taken as the basis of the Tables derived from Select Data. 

(2). The remaining mortality functions were obtained as 
follows :— 

^[x]+t (expressed to three decimal places at the oldest ages) = 
antilog of log 4^3^^. 

log 4:r]+/ = l0g 4,1+,+ log ^f^i^, 

/i^^j^^=A^+B/^+' (see page i of the 0^^^ Tables). 

{6.) Monetary Values. 

(3). The values of logD^^j^^, to seven places of decimals, were 
found in duplicate, by adding log v*+' to log ^jri+z* ^^ taking out the 
natural numbers, five-figure logarithms were used, interpolation being 
made for the sixth place of decimals in the value of log D^^j^^. 

(4). Annuity values at date of entry, ^[,], were found by the 
subtraction of logD^j,] from logK[x]+x, the corresponding antilogarithms 
being tabulated to five significant figures. The values of A[,] and P[j.] 
were derived from ^[,], as follows : — 

A[,]= I —d{i +«[^]). (The arithmometer being employed for rf( I +^i[jri))- 

P[,] = — I d, ( Oakes's Reciprocals being employed for — ; )• 

(S). The functions Cij^^+t and M(,]+/ were not computed, it being 
found that annual and single premiums deduced therefrom differed 
but slightly from those calculated from the annuity values, the 
difference seldom exceeding unity in the fifth place of decimals. 
Thus, summing the values at 3 per cent, all entry ages : — 



2k{[i -d{i +.rM)]- ^j= -00015. 
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(6). In the construction of the select values of temporary 
annuities, tables of the values of 2j=JD[^)+/ for each age at entry were 
prepared, and the annuities calculated therefrom by means of 
logarithms, logdt^]^=log2S?D[^]+^-logD[^] ....... (20) 

(7). The values of select annuities on two joint lives of equal age 
were found by means of commutation columns 'Dix]i:c]=^[x]^ix}> and 

^ww=^/=y^w+/:W+<+^x+io:*+xo. The annuity values for each 
tenth of a year of age were then found by interpolation, using first 
differences. 

(8). The formulae used in the calculation of single and annual 
premiums for contingent assurances were : — 

logDw+«:W+«=[logz; » +log/[^]+J + [logz/ - +l0g/[^]+J . , , . (21) 

(22) 
+ I^W+9:j'+9 + 25r^+io:>+io (23) 

Mx =Ci +C_i_ +...+CX. +Cx +... 

WW MW tr]+i:W+x £S]+4:W+4 C^SrjH-S 

+ C_r^ +M.x_ (24) 

Mi ^ Mi 

(9). The male life [x] being on the basis of the O^^^ Table,"^ and 
the female life [y\ on the basis of the O^"*-^ Table, the select values 
merge in the ultimate values after ten and five years respectively. 

(10). Each age of [x] from 10 to 75 being combined with each 
quinquennial age of [y] from 20 to the end of life, the tables give 
the single and annual premiums for all differences between [x] and 
{y\ within these limits which are multiples of 5. Thus, M— [^] = 
o, 5, &c., 55, and b]-W=o, 5, &c., 85. 

(i I.) The values of (log tf + log 4) and (log v' + log /y) were first 
calculated and tabulated on separate slips, and the ultimate values 
of logD^^ were then found by adding together the corresponding 
values of these expressions for all the required combinations of 
X and J/ ; and, the antilogarithms having been taken out, I^^^, was 
then obtained by summing Djgy. The ultimate values of logCi 

were computed in a similar manner by combining the appropriate 
values of (logz; ' +logrf^) and [logz; ■ +log^ (/^+^+i)]. 

* See Note on p. 168. 
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(i2). To obtain Df^][^], D(^]+,:i^]+„ &c., and C , , C_^ , &c., 

WW [x]+x:Lrl+i 

separate slips were prepared for each of the functions [logz/~»" + 

. y-H» x+n+i 

log /[;r]+ J, [log!/ ' +log/(,]+J, [log^; ' +log(/w+«-/w+«+,)], and 

[log z; " + log i (/(,]+» + /[jf]+ii+x)], « having the values o to 9 inclusive 
for Xf and o to 4 inclusive for ^. 

(13). Each slip contained five values of ;r or^ arranged vertically 
in the following manner : — 



• 

(1) 


log'[y]+» 


(2)+ logo a 


(2) 


(8) 


|>]=20 



1 

• 

• 

• 

9 


5*00000 
4-99882 


4*87163 
•86403 


[y]-2i 




1 

• 
• 
• 

9 


4*99710 
•99592 


4*86231 
•85471 



• 


hxH-n—h*}+»+l 


log (2) 


ar+iH-l 
(3) + logi> a 


(1) 


(f) 


(8) 


(4) 


M-10 




1 

• 
• 
« 

9 


240 
410 


2*38021 
•61278 


2*30961 
•53576 


W-11 




1 
• 
• 
• 
9 


241 
409 


2^38202 
•61I72 


2*30500 

*52828 



n 


i[4|f]+»+^}fn+l] 


log (2) 


|f+n+l 

(3) + logt) a 


(1) 


(2) 


(8) 


(4) 


[>]-20 



1 
2 
3 
4 
5 
6 
7 
8 
9 


99,864-5 

99»543 
99»"7 
98,588-5 

97,979 


4*9! 
•9< 
•9! 
•9! 
•9! 


?94i 
j8oi 

51615 
5383 
?ii3 


4*86462 

*8568o 

•84852 

•83978 
•83066 

•8213s 
•81 194 

•80248 

•79297 

•78339 


[y]=2i 





99,200 


4-9( 


5)651 


4-85530 
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(14). The values of [log z/nr + log /[j,]+ J and [log v ^t' 
+ logi(^W+i»+^W+«+x)l given in the last column of these slips, for 
« = 5, 6, 7, 8 and 9, were taken from the previously prepared slips, 
referred to in § (11), containing the ultimate values of these functions. 

(15). By adding together the appropriate values from these slips, 
logD[^]+«:[^]+« and logC^^.^^^^ were found, and then their anti- 
logarithms, whence, by combination with the ultimate tables, ^[^] [^] 
and Mj^jj , were finally obtained. The following example illustrates 
the mode of procedure. 





W-70:|>]: 


»20 


» 


l0fi:Dt«]+«:[|f]+» 


•0001Dj^}4H».[y]+» 





894085 


87,267 


1 


•9I2IS 


81,686 


2 


•87874 


75,638 


3 


•84085 


69*319 


4 


•79837 


62,859 


6 


•75124 


56,395 


6 


•69935 


50,044 


7 


•64243 


43»897 


8 


•58015 


38,032 


8 


'5I2I3 


32,518 




'000 1 1^80.80= 
'000 1 Ht7o][»] 


130,221 


727,876 



(16). From values of 'DixUj^h ^wwj ^ind M^^j^j, thus deducedi 
the single and annual premiums were readily computed by means 
of five-figure logarithms. 

(17). The calculations were throughout worked in duplicate, and, 
in fact, this course has been adopted in the computation of nearly 
all the tabulated functions. 



LIFE ANNUITANTS- 
MALES— O'^^^ AND FEMALES— Qf^A 

Elementary Values. 

(i). The graduated functions supplied by Mr. G. F. HARDY, and 
taken as the bases of the monetary and other values, were log /[^]+^ 
for the Male section (see pages 4 and 5 of the O^^'"^ Tables) and /[^]+^ 
for the Female section (see pages 44 and 45 of the O^^f^ Tables). 

(2). The tabulated values of log l[j^^+t for Female Annuitants are, 
however, correct to five decimal places, the values from [;r] = 8o being 
derived directly from the formula employed in the graduation. 
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(3) . In both the Male and the Female sections we have 

^Og p[x}+t = l0g /[j:)+/+x — log /[^]+/ 

(4). The curtate expectations of life for Female Annuitants were 
calculated from the formula ^w-i.^= {hxHi+^+j[a:Ht•,.'\'&c )^ ^j^^ ^^j^^^ 

of /[;r]+<+x> &c-» being those given on pages 44 and 45 of the 
0«/5 Tables. 

(5). The same formula was used for the Male Annuitants, but the 
values of /(^]+/+, were the antilogarithms to five significant figures of 
log 4^]+^+x as tabulated on pages 4 and 5 of the O^^^'^ Tables. This 
course was adopted in order that the expectations of life might be 

consistent with the annuity values. Thus, ejo3=-r^=— — ^ = *370 

*io3 I *2474 

{see page 19 of the (y^'"^ Tables) ; while . 

^ 1 .. Dxoi z;'*^x -46131 ^ 

^.03 at 2i percent.=^^=^;,,53^^=-36i 

{See page 25 of the O^^'"^ Tables.) 

/ 2 
(6). For the Female section, ^,03=r^=- = '400 

^103 5 

{See page 61 of the O^^-^ Tables), 

D ^^*** X 2 
and ^xo3 at 2 1 per cent. = ^ = ^103 ^ 5 = '390 

(5^^ page 67 of the O^^-^^ Tables). 

(7). The mortality of the Male Annuitants following Makeham's 
Law, a table of Uniform Seniority was prepared from the formula 

/= j (since 0*+^*+*= 2^*^+0- The table is applicable at all 

ages, all rates of interest, and for all durations from the date of 
purchase of the annuity, thus, ^[^-«]+«:[:r-«+A]+«=^[x-»+fl+«:[x-«+fl+*- 

(8). The tables of a^j^x] and of aj^j^, given on pages 192--227 of 
the O^^^ and O^^ Tables, for each tenth of a year of age, were 
interpolated by first differences from the values computed at yearly 
intervals of age. 

HENRY J. BAKER. 
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NOTES ON THE METHODS ADOPTED 



IN THE 



CALCULATION OF THE MONETARY TABLES, 



DERIVED FROM THE 



ANNUITANT EXPERIENCE 



SELECT TABLES, 



MALES (O^"*') AND FEMALES (O'"^). 



I. SINGLE LIVES, 



II. JOINT LIVES. 



BY 



JAMES CHATHAM, F.I.A., F.F.A. 
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DESCRIPTION OF THE METHOD ADOPTED IN THE 
CALCULATION OF THE MONETARY TABLES 
DERIVED FROM THE ANNUITANT EXPERIENCE. 

I. — Single Lives. 
(9*). The values required for males and females were : 

{a) D[,]+/, Hm+z, ^w+z for all ages and all values of / 

from o to 5, at 2i, 3, and 3^ per cent. 
{b) «[^i and «, for all ages at 2\, 2}, 3J, 4, 4J, and 
5 per cent. 
The basis for the calculations in the case of males was log /[^j+^i and 
in the case of females /[:ri+/« 

(10). XTltimate Values. — The values of log D^ were obtained 
by adding logz;* to log/;^, five-place logarithms being used. The 
natural numbers to 5 significant figures were taken out, and continuous 
summations gave E"^. The logarithms of IT^+x to 5 places were 
next extracted, and log D^^ deducted, giving log ^^, from which 
ajp to three decimal places was in turn obtained. 

(11). Select Values. — A similar process was followed in 
obtaining the values of D[^]+^, D[^]+3, D[^]+a, D[^]+j. They were 
then added successively to [KT^+s, thus forming H'[:ri+4, ^w+3» 23'[^]+2, 
^W+x' The logarithms to five places were next taken out, 
and logD(^]+4, D[^]+3, D[^]+a, D[^]+,, D[^] subtracted. This gave 
Iog^w+4> ^w+3, ^w+a, ^w+i, ^w, and the natural numbers were 
extracted to three decimal places. For some rates of interest 
intermediate annuity values were not required, and in these cases 
continuous summation of D^^^j+z was dispensed with. 

The work was done in duplicate, and the results compared. 

II. — Joint Lives. 

(12). It was desired to calculate the values of Joint Life Annuities 
for all combinations of two lives for equal ages and for quinquennial 
differences in age at 2\, 3, and 3^ per cent., and for equal ages only 
at 4 and S per cent, all values being obtained at date of purchase 
and 5 years after. 

(13). There are various methods of calculating the values of these 
Annuities; but perhaps the one most generally adopted is that 
advocated in the Institute of Actuaries' Text-Book, That method, 
however, did not seem suitable in the present case, because it 
necessitates a calculation of values for all combinations of ages ; and, 
as stated above, the values were required for quinquennial differences 
in age only. Another reason why it did not seem suitable is that 

* For §§ (i) to (8), dealing with the Elementary values in the Annuitant Experience, 

see pp. 175, 176. 
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the work was to be spread over a considerable number of computers ; 
and as some of them had no knowledge of actuarial science, it was 
desirable that the method adopted should be as simple as possible. 
What I may call the "Slip Method," as used by the late Mr. Chisholm, 
was, therefore, decided upon. 

(14). XJltimate Values. — The values, according to the ultimate 
rate of mortality, were calculated first of all, and accordingly slips of 
log/y and log D^ at 2^, 3, and 3i per cent, were formed for both 
males and females. These were done in duplicate, and printed to 
facilitate the work. The necessary values of log D^^ in Davies' form 
were then formed, arid from these values were successively obtained, 
Djy, ^xy, log ^xy, log ^xy, ^nd aj^^ A Specimen of the actual 
working with relative slips is appended. 

(15). Select Values. — A similar method was followed in 
calculating these, the only difference being that 5 preparatory 
columns were required instead of one. Slips were formed in duplicate 
of the logs of /[^], /[^]4.j, /[^]+a, /[^]+3, /|;^]+^, and of D[^], Dl^i+i, D|>]+a, 
D[j,]+3, D[j,]+4, and the values of the logs of Df^^^j, Df^]+,, D[^^]+2, 
Ajey]+3, I^[^j']+4 obtained. The natural numbers of these values, with 
the exception of the first, were taken out, and then added to Hf^^yj+j, 
which gave E'[jy]+i. The work then proceeded as before. A specimen 
of the actual working in this case also, with relative slips, is appended. 

(16). Before commencing the actual calculations, trials were 
made; and as the values by S place logarithms were found to be 
practically identical with those by 6 place logarithms, the former 
were throughout adopted. 

(17). The whole of the work was done in duplicate^ and the two 
sets were compared at three stages — 

1st. The ultimate D^^y. 
2nd. The ultimate a^^y. 
3rd. The select ai^yh 

In addition, values at intervals were checked by means of the 
approximate summation formula No. 33 in the Text-Booky and the 
results, after deducting the rough adjustment of '5, agreed very 
closely with the original values. In the majority of cases the 
difference was only '001, the greatest difference being '004. 

(18). I take this opportunity of acknowledging my indebtedness 
to Mr. Alexander Fraser, F.I.A., F.F.A., of the Scottish Life 
Assurance Company, Limited, for the valuable assistance he has 
rendered me in connection with the work. 

JAMES CHATHAM. 



i8i 



MALE ULTIMATE— 2i per cent. 

loglx and logDy. 



X 


log^ 


25 


4*98986 


26 


•98679 


27 


•98368 


28 


•98052 


29 


'97732 

•91817 


30 


•97406 


31 


•97073 


32 


•96734 


33 


•96388 


34 


•96034 
•76462 


•■• 


• • • 


••• 


• • • 


• • • 


• • • 


96 


2-48089 


96 


•26504 


97 


•02970 


98 


1-77307 


99 


•49321 
'96212 


100 


•1880I 


101 


0-85513 


102 


•49205 


103 


•09601 


104 


r66399 




•25731 



y 



25 
26 
27 
28 
29 
30 
31 
32 
33 
34 



95 

96 

97 

98 

99 

100 

101 

102 

103 

104 



lOgDy 



4*72176 

•70797 

•69414 

•68025 

•66633 

'47046 
•65234 

•63829 
•62418 
•60999 



'i 



9573 

9098 



1*46212 

•23555 
098949 

•72213 

'43155 
'09616 

*II562 

1*77202 

•39822 

2-99M5 
•54871 



•92217 



The figures printed in small black type represent the sum of all the preceding values. 
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VALUE OF A JOnrr life ANNUITT of £1.— T7LTIMATE. 



xandj BOTH MALE. 



Rate per cent. 2|. 



Difference in age 6 years. 



X 


y 


logD;^ 


i>^ 


K«, 


logK»4-i:r+i 


(6)-(3) 


^ 


(1) 

25 


(2) 

80 


m 


w 


{S> 


(«> 


0) 


(8) 


9*64220 


43873 


846559848498329 


10-90455 


1*26235 


18*296 


26 


81 


62508 


42177 


802686 


881 10 


25602 


18*031 


27 


82 


60786 


40538 


760509 


85731 


24945 


17*760 


28 


88 


59051 


38950 


719971 


83316 


24265 


17*484 


29 

• • • 


84 

• • • 


57305 

• • • 


37415 

• •• 


681021 

• • • 


80862 

• •• 


23557 

• ■ • 


17*202 

• • • 


• • « 
> • • 
95 


• • • 

• • • 
100 


••• 
• • • 

2-59651 


» • • 

• •• 

394*92 


• • • 

• • • 

537*53 


• • • 

• • • 

2*15415 


• • • 
1*55764 


• • • 

• • • 
•361 


96 


101 


03706 


108*91 


142*61 


1-52767 


49061 


•309 


97 


102 


1*42792 


# 26787 


33*702 


0*83985 


41193 


•258 


98 


108 


076452 


5*8146 


6*9159 


-04I9I 


27739 


'189 


99 


104 


04192 

1 


1-1013 


I-IOI3 


• • • 


• •• 


■ • • 


•41384 


84655984849-8329 


• • • 


•85392 


'48200 


• • • 
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MALE— SEIiECT. 





1<«^« 


log h*w 


logfetjfi 


log W» 


l0g^«l+4 


20 


5*00000 


4*99886 


4-99733 


4^99530 


4-99277 


21 


4-99708 


•99592 


•99437 


•99230 


•98974 


22 


-99412 


•99294 


•99137 


*98928 


•98667 


23 


•99"3 


•98994 


•98833 


*9862i 


•98356 


24 
25 


-988 1 1 

'97044 

•98505 


•98689 

'96466 
•98380 


•98526 

'96666 
*982I4 


•98309 

•94618 
•97993 


•98041 
'96816 

•97720 


26 


•98195 


•98067 


•97897 


•97672 


•97394 


27 


•97880 


•97749 


•97575 


•97346 


•97061 


28 


•97560 


•97426 


•97248 


•97013 


•96722 


29 

• • • 

• • • 


•97234 
•86418 

... 

• • • 


'mi 

• • • 

• • • 


•96914 
•86614 

• • • 

. • • 


•96674 
'81316 

• • • 

• • • 


• . • 
• • • 


• • • 

90 


• • • 

3*19540 


• • • 

3*10735 


« • • 
2*99194 


... 
2-84788 


• • • 
2-67635 


91 


-04410 


2*94809 


•82224 


•66517 


•47815 


92 


2*87920 


•77450 


•63726 


•46599 


•26206 


93 


•69947 


•58528 


•43561 


•24883 


•02645 


94 
96 


•28993 


•37900 

'00868 
•15409 


•21575 
'97606 

1*97603 


•01205 
'48966 

^•75386 


I •76954 

'41979 

•48937 


96 


•05702 


1*90885 


•71463 


•47230 


•18382 


97 


1*80306 


*64i42 


•42956 


•16523 


0^85057 


98 


•52611 


•34978 


*ii866 


0*83032 


•48709 


99 


*22407 

• 


•0317 1 


0-77957 


•46503 


•09060 


'44705 


•08837 


•99450 


•12630 


•51424 



The figures printed in small black type represent the sum of all the preceding values. 
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MALE— SELECT— 2i per cent. 





10gD[yJ 


log Dtyl+l 


log D[|r]+a 


log I^M-8 


10gDry]+4 


20 


4-78552 


477366 


4-76140 


474865 


4^73540 


21 


•77188 


75999 


•74772 


73493 


•72164 


22 


•75819 


74629 


•73400 


•72118 


70785 


23 


•74448 


73257 


•72023 


70739 


•69402 


24 
26 


73074 

•79081 
•71695 


-71879 

•78130 

-70498 


•70644 
•66979 
•69260 


•69355 

'60570 
•67966 


•68014 

'58905 
•66621 


26 


•70313 


-691 13 


-67870 


•66573 


•65222 


27 


•68926 


-67722 


•66476 


•65174 


•63817 


28 


•67533 


-66327 


•65076 


•63769 


•62406 


29 

• • • 
••• 


•66135 
'03688 

» • • 
• • • 


•64925 
'11715 

» • • 

• • • 


•63670 
*893dl 

• • • 

• • • 


•62358 
'86410 

• • • 

• • • 


•60987 
'70958 

• • • 

• • • 


• • • 
90 


• • • 
2-23025 


• • • 
2-13148 


• • • 

2-00534 


• • • 
1-85056 


• • • 
I 6683 1 


91 


•06823 


I-96149 


1-82492 


•65713 


•45938 


92 


1-89260 


•77718 


•62922 


•44722 


•23257 


93 


•70215 


•57724 


•41684 


•21934 


0^98624 


94 
95 


•49550 
•70283 

•27I16 


•36023 
•36370 
•12460 


•18626 
•50294 

0-93582 


0^97184 
•18217 
•70292 


•71860 
'35111 
•42771 


96 


•02753 


0-86864 


-66369 


'41064 


•III43 


97 


0-76285 


•59048 


•36790 


•09284 


i'76746 


98 


•47517 


•28812 


•04627 


7-74721 


•39326 


99 


-1624I 


195932 


1-69646 


•37120 


^•98604 


•40145 


-18486 


•23308 


•50698 


•03701 



The figures printed in small black type represent the sum of all the preceding values. 
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INDEX. 
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I. COMPILATION OF 


DATA 


(pp. I-I20). 




SUBJBCT MATTER. 


AXKTJrtAm BXPKRIIENCE. 


ASSUAANCI EXPBBIBNCX. 


Text, §S 


Appendices. 


Text, 99 


Tables. 


Appendices. 


Abstract op Data 


18-26, 36 


V 


50 


XI, XII 


^^^^ 


** ,, , cards 


— 


— 


44-49 


VIII-X 




Age, "commencing" 


3 


— 


3 


— 




„ attained 


37 




55 






,, ai entry... ..« .»« «,, ,,, 


2-5 


II 


2, 3, 51 


— 


D 


Aggregate Tables 


13, 14, 36-48 


IV 


J 28, 54-67, \ 
1 70,71 / 


— 


— 


„ „ , Exposed to Risk ... 


41 


— 


54,55 


XII 


— 


If M , truncated 


45» 46 




56-67, 71 


XII-XIV 




,, ,, , Minor Classes 




— 


68-71 


...» 


R 


Alphabetical Sorting (duplicates) 


11 




27 




P 


Annuity, duration of 


8 


— 


— 






„ duration before 1863 


7 


— 








„ Tables (Government) 


2, 46-49 


— 


— 




— 


>, „ (French) 


48 


— 


— 






„ Values, select 


49-51 




— 






Annuities, New 


7, 13-17, 29 


IV 


— 


— 


— 


, , , v/lCl ... .... •■• ... 


7, 13-17, 28 


IV 




— 




,, , Combined 


13-17, 23, 36 


IV 








Appendices (see pp. 195-197) 












Ascending Premiums 


— 




70,71 


— 


R 


Assurance Tables (Carlisle) 


48 


— 








,, ,, ^11 ) ... ... ... 


48 






— 




Assurances (ascending premiums) 


^-^ • 


— 


70,71 


— 


R 


„ , class of 


— 


— 


h 17, 24 




— 


„ , Combined 


- — 


— 


28 


— 




„ , Contingent 


— 


— 


17, 22, 69 


— 


R 


,, , Endowment* ... 


— 




/ 17-20, 1 
141,42,47/ 


XI-XII 


K, L, N 


„ , Joint lives 


— 


— 


17, 22, 70, 71 


— 


R 


„ , Limited premiums 


— 




70,71 


— 


R 


„ , Minor Classes 


— 


— 


68-71 


— 


R 


,, , wew ••• .*• ... ... 


— 


— 


4, 28, 41, 52 


— 




,, , v/lCl ... ... *•« ... 




— 


4, 28, 41, 52 


— 


— 


„ , Survivorship 


— 


— 


17, 22, 69 


— 


R 


,, , Temporary 


— 




17, 21, 69 




R 


Baptisms 


6, II 


Ill 




_ 


_ 


Birth, defective data 


4,6 




3 


— 


E 


,, , modification in year of 


3 


II 


3 


— . 


D 


Birthday, interval between date of) 
entry and preceding J 


2,4-6 








^% 


I 


2,3 


I 


C 


Cards, Abstract of data 




— 


44-49 


VIII-X 


— 


,, , c1a.ss of assurance 






I 


— 


— 
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INDEX I.— COMPILATION OF DATA (pp. 1-120) continued. 



SUBJECT MATTBB. 






Ahnuitakt ExraRiBHcn. 


Absuramob Experience. 






















Text, f 1 


Appendices. 


Text, §1 


Tables. 


Appendices. 


Cards, colours 




• •• 


I 


,_ 


I 


„_» 


_^ 


„ , Enumerating 




.« • 


— 


— 


42,43 


VII 


— 


„ , errors in data 




. • • 


II 


— 


72 


— 


s 


„ , markings on 




. • • 


18 


IV 


29-39 


V, VI 


Q 


„ , Minor Classes 




• • . 




— 


68-71 


— 


R 


„ , number of 




• • • 


I 




42 


— 


— 


„ , preliminary classifications 


\ ... 


... 


I 


— 


I 


— 


— 


9 9 9 2^^^ ••• ••• ••• 




• • • 


I 


— 


I 


.^_ 1 


— 


1, , specimen 




• • • 


I, 14 


VII 


I, 37, 3« 


V, VI 


— 


Carlisle Table 




• • • 


48 


— 




— 


— 


Chronological Sorting (duplicates) 


• • • 


II 


— 


27 


— 


P 


Class of Assurance 


. • • 


. • ■ 


— 


— 


I, 17, 24 


— 


— 


Collocation of Duplicates 


... 


• • • 


II, 12 


— 


27 


— 


P 


Combinations of Sections 


. . ■ 


• * • 


14-17 


IV 


28 


— 


— 


Combined Annuities 


• • • 


• • . 


13-17, 23, 36 


IV 


— 


— 


— 


Combined-Risk Envelope 


. . • 


• • . 




— 


3^36 


— 


— 


"Commencing" Age 


... 


• . • 


3 


— 


3 


— 


— 


„ Duration 


•• • 


. • • 


— 


— 


30-36, 43 


IV 


— 


Composition op Data ... 


• • . 


• • • 


22 


IV 


— 


— 


— 


Contingent Assurances... 


• • • 


• • . 


— 


— 


17, 22, 69 


— 


R 


Contributing Offices ... 


• • • 


• • . 


pp. vi, vii, I 


— 


pp. vi, vii, I 


— 


— 


Data, Abstracts of 


• • • 


• •• 


18-26, 36 


V 


50 


XI, XII 


__ 


)f yy 1 carciSy ... 


•• • 


• •• 


— 




44-49 


VIII-X 


— 


„ , composition of 


. • • 


• . • 


22 


IV 


— 


— 


— 


,, , defective, birth 


• t • 


. . • 


4,6 


— 


3 


— 


E 


,, yi , exic ... 


. . • 


• • • 


8 


— 


25 


— 





,, , elementary 


•• • 


• . • 


23-44 


— 


50-67 


— 




„ , experimental 


• • • 


• • • 


— 


— 


9, 12, 15, 16 


II 


K, L 


„ , referred to Offices ... 


• • • 


• . • 


6 


— 


72 


— 


S 


„ , tabulation of 


•• f 


• • • 


18-45 




40-49 


Ill, VIII-X 


— 


,, , Unadjusted 


• • • 


• • • 


22,44 


— 


— 


— 


— 


Date of Purchase, defective 


•• • 


• • • 


4 


— 


— 




— 


Days of Grace 


a . • 


. • • 


— 


— 


8, II 


— 


B 


Death, Abstract cards for ... 


• • • 


• • • 


— 


— 


46 


VIII 


— 


„ , defective data 


• . • 


• • a 


8 


— 


25 


— 





„ , duration at 


... 


. • • 


8, 19, 26, 40 


— 


5 


— 


— 


ijeaths ... ... ... 


• t • 


• • 9 


26, 27, 40, 41 


— 


51, 55, 58 


— 


— 


Defective Data, Birth ... 


• • • 


a a • 


4,6 


— 


3 


— 


E 


If II , Death ... 


. • • 


• • • 


8 


— 


25 


— 





^^ 9f 9 ii'^at ... 


... 


• • a 


8 




25 


— 





,, „ , Purchase 


... 


a a a 


4 


— 


— 


— 


— 


Duplicated Risks, partially 


... 


• •% 


— 


— 


30-36, 38, 43 


IV, VI 


— 


,1 ,f , wholly 


• • . 


• a a 


— 


— 


28, 29, 37 


V 


— 


Duplicates 


... 


• 9 9 


11-17 


— 


26-39 


— 


— 


^^ , alphabetical sorting 


• • . 


a a a 


II 


— 


27 


— 


P 


II 9 chronological n 


. t • 


• a a 


II 


— 


27 


— 


P 


II 5 collocation of... 


• • . 


a a a 


II, 12 


— 


27 


^— 


P 
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INDEX I.— COMPILATION OF DATA (pp. 1^120) continued. 



SUBJECT MATTER. 


Annxtitaiit Expsbikngi. 


ABBURAirca Bxpkbiknck. 1 


Text, S§ 


Appendices. 


Text,!! 


Tables. 


Appendices. 


Duplicates, elimination of 


i3-i7» 23, 36 


IV 


28-39 


IV-VI 


Q 


„ , female lives 


12 


— 


27 


— . 


P 


„ , marking of ... 


18 


IV 


29-39 


V, VI 


— 


Durations, at exit 


19, 20 


— 


5-25 


II, III 


— 


„ , "commencing" 


— 


— 


30-36, 43 


IV 


— 


„ Exact, method... ••• 


— 


— 


II 


II 


J. L 


„ , markings for 


7.8 


VII 


4,5 


_ 


F 


„ Modified Nearest 


— 


— 


10-16, 45 


II 


J.L,M 


fy jNearesia.. ••• ••• ... 


— 


— 


rio,ii, 15,1 
\ 18-20, 45 / 


II 


J.L,N 


„ Rules for recording 


7,8 


— 


4,5 


— 


F 


„ tabular... 


7,8 


— 


4-25 


^ 


F 


Elementary Data 


23-44 


— 


50-67 


— 


» ""^^ 


Elimination of Duplicates 


13-17, 23, 26 


IV 


28-39 


IV-VI 


Q 


Emergents, Abstract of Data cards 


— 


— 


44-47 


VIII 





„ Enumerating cards 


— 


— 


42 


VII 





„ Truncated Table 


— 


— 


58 


— 




Endowment Assurances 


— 


— 


f 17-20,41, \ 
I 42, 47 J 


XI-XII 


K, L, N 


„ „ (Truncated Table) 


— 


— 


62-67 


XIII, XIV 


— 


Enquiries of Offices 


6, II 


... 


71,72 


— 


S 


■I-'ri 1 K AM 1 ... ... ... ... ■.( 


24,38 


^— 


51, 55, 57 


— 


— 


„ Abstract of Data cards 


— 


_^ 


48 


IX, X 


— 


„ Enumerating cards 


— 


-^ 


43 


VII 




„ Truncated Table 


.^ 




57 


— 


— 


Entry, Interval between Date of, andl 
preceding Birthday J 


^ 








c 


2,4-6 


I 


2,3 


I 


JliNTRY /VGB ... «•• ... ... ... 


2-5 


II 


2, 3, 51 


— 


D 


„ under observation 


7 




43 




— 


Enumerating Cards 




_— 


42,43 


VII 


— 


Envelope, combined-risk 


— 


^— 


30-36 




— 


Errors, in cards , 


II 


— 


72 


— 


S 


„ in Modified Nearest Duration Method 


— 


— 


15 


II 


J, L, M 


„ in nearest age 


5 


— 


3 


— 


C 


„ in Nearest Duration Method 




— 


II 


II 


J,L 


Exact Duration Method 




— 


II 


II 


J,L 


CfXlSTING ... ... ... ••* ..• 


8,25,27,39,41 




5,41,51,55,58 




— 


„ , Abstract of Data cards 


— 


— 


46 


VIII 


— 


Exit, defective data as to ^. 


8 


— 


25 


— 





„ , durations at ... ... ... ... 


19,20 


% 


5-25 


II, III 




„ , symbols for modes of. 




— 


41, 45, 47 


— 


— 


Expectations of Life 


44, 47, 48 




— 


— 


— 


Experimental Data (Withdrawals) 






9, 12, 15, 16 


II 


K, L 


Expiration of Term 




— 


17-25 






Exposed to Risk— Aggregate Tables 


41 


— 


. 54, 55 


XII 


— 


„ „ formulas 


27, 29, 41 


— 


51-53, 55-58 


— 




„ „ Select Tables 


27-30 


VI 


50-53 


XI 


— 


„ „ Truncated Tables ... 


45 


— 


56-66 


XII 


— 


„ „ Working-sheet 


30>4i 


VI 


51, 54, 62, 63 


XI, XII 


— 
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Annuitaht Bzpsribncs. 


ASSURANOC EXPEBIVNGS. | 


SUBJECT MATTBR. 












Iw ^r A#VP Mm\^ A Jammmt Jb A fllASs 


Text, U 


Appendices. 


Text, §S 


Tables. 


Appendices. 


Exposures include days of grace 


^^^ 


1 


8 


- 


B 


„ Fractional 


— 




6-25 


Ill 


G-L 


'* Extended " four-year Table 


46 


— 


— 


— 


— 


Female Lives 


12 


_ 


27, 41, 70, 71 


_ 


_^ 


„ „ Joint lives 


— 


__ 


70,71 




_— 


„ „ Truncated Table 


__ 


••• 


67 


_ 




Formulas (see pp. 199, 200) 


' _ 






.__ 




Fractional Exposures 


— 


.. 


6-25 


Ill 


G-L 


French Annuity Table 


48 


— 


— 


— 


— 


Grace, Days of 


^^^^ 




8, II 




B 


Graduated Select Annuity Values ... 


51 


_„ 


_ 


_^_ 




Government Annuity Tables 


2, 46-49 


— 


— 


— 




Xi. lABLE ••• «.. ••• ... ,,, 


48 


— 


— 


__ _ 


— 


Instructions TO Offices 


I, I r, pp. 22-24 


^^^ 


I, 8, 17 


_ 


A, B 


Interval between Date of Entry \ 
and Previous Birthday ... j 


_ ^ 










2,4-6 


I 


2,3 


I 


C 


Joint Assurances 


— 


— 


* 

17, 22, 70, 71 


— 


— 


Limited Premium Assurances 


— 


— 


70,71 




— 


Marking of Cards 


18 


IV 


29-39 


V, VI 


Q 


Maturities (Endowment Assurances) ... 


— 


— - 


17-20 




N 


Minor Classes OF Assurance 




^_ 


68-71 




R 


Modes of Exit, symbols for 


— 


— 


41, 45. 47 






Modification in Year of Birth 


3 


II 


3 


^ ^ 


D 


„ Class of Assurance 


— 




17,24 






Modified Nearest Duration Method 


^^^ 1 


_— 


10-16, 45 


II 


J, L, M 


Mortality Rates 


46,48 




^^ 




m ' ' 


„ Table (unadjusted) 


42-44 




— 


— 


— 


Nearest Age at Entry 


3,5 


II 


3 


_^ 


■ D 


„ Duration Method 


— 




/ 10,11,15,1 
118-20,45/ 


II 


J, L,N 


,} n y» , Modified 


— 


— 


10-16, 45 


II 


J,L, M 


Net Movement 


— 


VI 


i 51,55,59, 1 
1 61,62 J 


XI-XIII 





New Annuities 


7, 13-17, 29 


IV 


— 


^^_ 




„ Assurances 


■ ^__ 




4, 28, 41, 52 




___ 


Numbers brought under Observation 


23 


— 


— 


— 





Observation, Entry under 




_^ 


43 






Offices, Contributing 


pp. VI, VII, I 


-^ 


pp. VI, VII, I 


__ 


^^^^ 


„ , Data referred to 


6 


__ 


72 


w*i^ 


s 


„ , Instructions to 


1, 1 1, pp. 22-24 


— 


I, 8, 17 


___ 


A, B 


„ , as to Days of Grace 






8 


„^. 


^^^^ 


Old Annuities 


7, 13-ir, 28 


IV 


_^ 


___ 


_ 


„ Assurances 


— 




4, 28, 41, 52 


— 


— 
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INDEX I.— COMPILATION OF DATA (pp. 1-120) continued. 



SUBJECT MATTBR. 


AmmiTAHT BXFBRIKNCn. 


AasuRANoa ExPEKnBHOC 














Text.§§ 


Appendicefl. 


Text, §§ 


Tables. 


Appendices. 


Partially-duplicated Risks 


_i_ 


.i__ 


30-36, 38, 43 


IV, VI 


-^ 


Premiums, ascending 


— 


— 


70,71 


— 


R 


« y , ^^imiLCu ••• ••• ••• ••• 


— 


— 


70,71 




R 


Probabilities of Dying 


31-35 


— 






— 


„ Living and Dying... 


43 


— 


— 


— 




Purchase, defective Dates of 


4 


— 


— 


— 




, , , x\£[e ac ••• ••• ••• ••• 


2-5 


II 


— 


— 


— 


„ , Interval between Date of, ) 
and previous Birthday ( 


2,4-6 . 


I 


— 


— 


— 


Rules for Collocation of Duplicates 


II, 12 


— 


27 


— 


P 


„ Elimination „ 


13-17 


IV 


39 


— 


Q 


„ . Marking „ 


18 


IV 


39 


_. 


Q 


,, Nearest Age at Entry ... 


3 


II 


3 


— 


D 


„ Recording Durations 


7,8 




4,5 


— 


F 


Sections, Combination of 


14-17 


IV 


28 






Select Annuity Values 


49-51 


— 


— 


— 


— 


%% X ^klSXrfJSid ••• ••• ••• ••• 


I3» 14, 23-35 


IV, VI 


28, 29, 50-53, 
69-71 


1 V, IX, XI 


— 


Sex, number of cards in relation to 


I 


^— 


I 






Specimen Cards 


I, 14 


VII 


I, 37, 38 


V, VI 




Sprague, Dr. , " commencing " age 


3 


— 


3 






Statistical Records of Withdrawals 


— 


— 


6, 14 


III 


— 


" Surviving " Cases 


24 


— 




— 


— 


„ Entrants (Truncated Table) 


— 




57 


— 




Survivorship Assurances 


— 


— 


17, 22, 69 




R 


Symbols, for marking on Cards ... 


18 


IV 


29-39 


V, VI 


Q 


„ , for modes of Exit 


— 




41, 45, 47 


— 




Tables (see pp. 195, 196) 


— 




— 


— , 


— 


„ , Unadjusted Mortality 


42 


— 




— 




Tabular Age at Entry 


i^-6 


II 


2, 3, 51 


— 


D 


„ Durations 


7-8 


— 


4-25 


— 


F 


Tabulation of Data ' 


18-45 


— 


40-49 


Ill, VIII-X 


— 


Temporary Assurances 


— 


— 


17, 21, 69 


— 


R 


Terminations 


— 


-{ 


5,17-25,47,51 
55,58 


} - 


N, 


Total Numbers brought under \ 
Observation J 


23 


— 


— 


— 


— 


Truncated Aggregate Tables 


45,46 


— 


56-67, 71 


XII-XIV 




Unadjusted Data 


22-44 


— 


— 


— 


— 


„ Mortality Table 


42-44 


— 


— 


— 


— 


Unduplicated Cases 


17 


— 


— 


— 




Whole- Life Assurance Cards 


— 


— 


42 


— 




Wholly-Duplicated Risks 




— 


28, 29, 37 


V 




Withdrawals 


9» 10 


— 


\ 5-16, 45, 1 
151,55,581 


II, III, VIII 


fG, H, J, 
\K,L.O 


Working Sheet, Exposed to Risk 


30,41 


VI 


51,54,62,63 


XI, XII 





Year of Birth, Modification in 


3 


II 


3 


— 


D 
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INDEX II.— GRADUATION OF THE EXPERIENCE (pp. 121-166). 



SUBJECT MATTBB. 


AVHUITAlfT BXFBBnVCB. 


WHOLi-Lin AsBURANoa Expsrhnck. 


Oiami and 0C<^ 


OM ftnd 0M(9) 


om 


Teit,« 


Tables. 


Text,§§ 


Tables. 


Text, §9 


Tables. 


Actual and Adjusted Deaths, 
1st 10 years ... 


1 
I 


— 


— 


— 


— 


52-54 


XXVII, XXVIII 


Actual and Adjusted Deaths, 
excluding 1st lo years 


i 


— 


— 


— 


— 


44,45 


XXIII, XXIV 


Actual and Adjusted Deaths, 
full Aggregate Table 


' 


— 


— 


40 


XX 


— 


« 


Actual and Adjusted Deaths, 
excluding 5 years 


! 


11, 12 


IV 


35 


XVII 


— 


— 


Aggregate Tables 




— 


— 


33, 38-41 


XX, XXI 


— 


— 


„ ff Truncated 




^21 


I-VII 


34-37 


rxvii-xix,'i 

I XXI / 


« 


— 


Annual Premiums, Select Net 




— 


— 


— 


— 


55 


XXX 


Annuity Values, „ 




29 


XV 


— 


— 


— 


— 


Annuities, Joint life Values ... 




21,27 


XXXIII 


— 


— 


— 


— . 


Annuitants, Experience of ... 




2-29 


I-XV 


— 


— 


— 


t 


Average Error 




15 


f iv-vi, \ 

\ XII-XIV J 


35,40 


XVII, XX 


44 


XXIII 


Constants, Graduation 




10-25 


IV-VI, VIII 


35-39 


XVII, XIX 


44,47-52 


r XXIII, XXVL 
\ XXXI 


Curve, Double Frequency ... 






— 


38,39 


XXI 


— 


— 


Data, Select, excluding 10 years 




— 


— 


— 


— 


44 


XXII 


Deaths, Actual and Adjusted 




II, 12 


IV 


35,40 


XVII, XX i 


44,45,52, 
.53, 54 


(XXIIIjXXIV, 
} XXVII, 
( XXVIII 


Duration of Selection ... 




3-5 


I, II 


31,32 


XVI 


— 


— 


Equations for deducing Con- 

w X ^L^ Mt9 ••• ••• ••# 


{ 


10-16, 20 
24,25 


- V, VI 


37,38 


XXI 


44,47-52 


— 


Error, Average 


• • • 


IS 


/ IV-VI, 1 
\ XII-XIV / 


35,40 


XVII, XX 


44 


XXIII 


Expectations of Life 


{ 


4-7, 17, 
28 


I-III, VI \ 
XII-XIV J 


31,32,36 


XVI, XVIII 


46,54 


XXV, XXIX 


Female Supplementary Curve 


{ 


9, 19-21, 
25 


} - 


— 


— 


— 


— 


Force of Mortality 




24,27 


IX, XI 


— 


— 


— 


— 


Frequency-Curve, Double ... 




— 




38,39 


XXI 


— 


— 


Formulas (see pp. 201, 202) ... 




— 


— 


— 


— 


— 


— 


Functions, Graduation 




— 


VIII 


— 


XIX 


— 


XXXI 


Graduation Constants 




10-25 


IV-VI, VIII 


35-39 


XVII, XIX 


44, 47-52 


/XXIII,XXVI, 
\ XXXI 


„ Select, 1st 5 years 




22-25 , 


VIII-XI 


— 




— 


— 


„ excluding five years 




9-21 


IV-VII 


35-37 


XVII-XIX 


— 


— 


„ first ten years ... 




— 


— 


— 


— 


47-56 


XXVI-XXXII 


„ excluding ten years 




— 


— 


— 


— 


44-46 


XXIII-XXV 


„ full Aggregate Table 




— "• 


^■■* 


38-41 


XX, XXI 


^— 


"~" 
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INDEX II.— GRADUATION OF THE EXPERIENCE (pp. 121-166) continued. 



SUBJECT MATTER. 


• 

Annuitant Ezpebienck. 


Whoue-Lifi Assurancb Expsriencs. 


Oi«»l and Ol<^ 


QM and O^W 


OfMl 


Text, S§ 


Tables. 


Text, S§ 


Tables. 


Text, §§ 


Tables. 


Hypothetical Five- Year Table... 


5. 13 


V, VII 


— 


— 


— 




Joint Life Annuity Values 


21,27 


XXXIII 




— 


— 


— 


Makeham's Graduation Formula 


8, 24, 25 


VIII 


35 


XIX 


44 


XXXI 


Males, low vitality of annuitants at ) 
entry ages 40 to 50 { 


6 


III 


— 


— 


— 


— 


" Moments," Method of 


to 




37 


— 


— 




Mortality, Force of 


24,27 


IX, XI 


— 


— 


— 


— 


0^ Table, full Aggregate 


__ 


— _ 


33,38-41 


XXI 




— 


0*'<s) ,, , excluding 5 years 


— 


— 


34-37 


XXI 






Of*^l ,, , Select, 10 years 


— 


— 


~— 


-- 


42-56 


XXXII 


Pearson, Professor, Method ofl 
"Moments" J 


10 


— 


37 


— 


— 




Premiums, Net Select Annual 


— 


— 


— 


— 


55 


XXX 


Probabilities (co1xo/m+') 


26 


X 


41 


XXI 


56 


XXXII 


Select Annuity Values 


29 


XV 


— . 


— . 


— 


— 


,, C/ONSTANTS ... ... ... 


22 


VIII 






47-52 


XXVI, XXXI 


„ Expectations of Life 


6, 28 


III, XII-XIV 






54 


XXIX 


,, yj^ ■' X ABLE .•■ •*• ... 


— 


— 


— 


— 


42-56 


XXXII 


„ Premiums, Net 




— 




— 


55 


XXX 


Selection, Duration of 


3-5 


I, II 


31.32 


XVI 




— 


Tables (see pp. 197, 198) 


— 


— 






— 


— 


Truncated Table, 5 years 


9-21 


I-VII 


34-37 


rxvii-xix,\ 

I XXI / 


— 


— 


i • } y Wj jt c£ii S • ■ • • • t 






— 


— 


44-46 


XXIII-XXV 



• }• 
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INDEX III.— CONSTRUCTION OF TABLES (pp. 167-185). 



SUBJECT ICATTER. 



v- 



Annual Premiums, Condngent Assurances 
„ f, Single lives 



Annuity ValueSj 


, two or more lives of equal 


age 






two Joint lives (Select) 








„ „ (Ultimate) 








Select, Single life ... 








,1 Term... ... 








„ two equal ages 








Single lives 








Term, single life 




Commutation Tables— Select Values ... 




»> 




„ Single lives ... 




»> 




„ two or more lives 




i> 




>, [Ultimate Values 





Contingent Assurances 

Elementary Mortality Functions... 
Equal Age — Annuity Values — Two lives 



Force of Mortality 
Formulas (see pp. 202-205) 

Joint-Life Annuities ... 



• • • •• ■ 



• • • • • • 



Mortality, Force of 

Elementary Functions 



ft 



Premiums, Contingent Assurances 
Single and Annual Net 



f> 



Select Annuities — Single lives 
„ „ two equal ages 

•A jy X Cx m ••• ••• 

Single Premiums, Contingent Assurances 



91 



99 



Single lives ... 



I 



Tables (see p. 198) 
Term Annuities 

Uniform Seniority Tables 
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XI. — Select Tables ... ... ... ... ... ... ... 70 

XII*— Aggregate Tables ... ... ... ... ... ... .•• Ji 

Truncated Aggregate Tables— Endowment Assurances, Male 
lives: — 

XIII. — Spbcimsn Card for record of net-movement and number 

wXpOSwd LW XaSJw ••• ••• ••• ••• ••• ••• ••• 74 

XIV. — Summary of Numbers Exposed to Risk at Age 40 75 
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ANNUITANT EXPERIENCE. 

-Male Annuitants. Comparison of values of eix~s\^iy and of 
^jr-xo]+io> with values by corresponding Aggregate Tables 

-Female Annuitants. Comparison of Expectations of Life, as 
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-Male Annuitants. Comparison of values of e^xi and ^x]+5, with 
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-Male Annuitant Experience, excluding first five years from date 
of Purchase : — Actual and Adjusted deaths ; Errors, and mean 
errors; for values of log^= '04, '038, and '036, respectively 

Male Annuitants. Equations for determining Constants for 
Hypothetical Mortality Table representing Expectations of Life five 
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First and Second Series 
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X. 
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-Male Annuitants. Select Tables. Unadjusted and Adjusted 
Expectations. Second graduation (as'00260) 
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124 

125 

126 
128 

130 

131 

132 

136 
138, 139 

140, 141 

142, 143 

144 

144 

145 

145 
166 



I> 



» 



» 



>» 



t9 



» 

BB 
» 



%% 



INDEX IV.— TABLES AND APPENDICES. 
GRADUATION OF THE EXPERIENCE. 

ASSURANCE EXPERIENCE. 

Tablb XVI.— Whole-Life Participating Assurance Experience. Males. 

Mean values of ungiaduated curtate EJcpectations of life for five 
consecutive ages. Select Tabl«, and Truncated A^;regate Tables.. . 146 

XVII.— Aggregate Table, excluding first 5 years' experience. Expected 

and Actual deaths. Deviation, and Expected Deviation 149 

XVIII.— Aggregate Table, excluding first 5 years* experience. Comparison 
of the Expectation of Life (Mean of five values). Adjusted and 
Unadjusted ... ... ... .•• ... ••• ••• ■•• 15^ 

XIX. — Graduation Constants, 0**w Table ... ". 150 

XX. — Full Aggregate Table (with supplementary curve) Expected and 
Actual Deaths. Deviations, and Expected and accumulated 
Deviations ... ... ... ... ••• ••• ••• ••• '5^ 

XXL— British Offices Life Tables, 1893, O** and O^W. Values ol 

coin (/!r)> and of deductive quantity 20jr '53 

XXIL— Whole-life Participating Assurance Experience. Male 
lives. Select Data, excluding the first ten years' experience. 
Exposed to Risk, Died, Rate of Mortality, and curtate Expectation 

01 x^iie ... ... ••• ... •»• ••• ••. *•• ..• ^4 

XXIII.— Select Data. Truncated lo-year Table. Actual and Expected 

Deaths. E]qf>ected, Actual, and accumulated Deviations 155 

XXrV. — Comparison of Deaths, as above, in larger age-groups 156 

XXV. — Select Data. Truncated lo-year Table. Comparison of Giadnated 

and Ungraduated Expectations of life (mean of five values) ... 156 

XXVL — Select Experience. First xo years. Approximate values of a and fi 

in formula for cologn (/^) 157 

XXVIL — Select Data. Fust 10 years. Expected and Actual Deaths ... 159 

XXVIIL— Select Data. First 10 years. Expected Deaths, less Actual Deaths 160 

XXIX. — Select Tables. Comparison of Expectations of Life at Entry by (a) 
Graduated Table, joining after 10 years on to truncated lO-year 
Table (Select Data), with {i) Ungraduated Expectations by Select 
Table (one age at entry throughout) l6i 

XXX. — Select Tables. Cbmparison of Graduated Annual Premiums at 
date of assurance, with estimated m^raduated Premiiims, and with 
Spngne's Select Premiums (H^ data), 3 per cent, interest ... 162 



„ XXXL — Select 0[*Q Table — Graduation Functions ... 163 

„ XXXIL— Select QP^ Table- Values of coln(/^4^ ^^ ^ ool«(/^») ••• 164, 165 



CONSTRUCTION OF TABLES. 

ASSURANCE EXPERIENCE. 
Tables iUustiatbg the Constraction of Net Pkemiitms fob Gontingbiit Assukances 174* i 75 

ANNUITANT EXPERIENCE. 

Tables iUustiating the Constraction of Aknuitibs on two Joint Ijtbs (Select and 

Ultimate ValiMs) i8i-i9S 
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COMPILATION OF DATA. 

ANNUITANT EXPERIENCE. 

NuMBKR Exposed to Risk : Select Tables : — 

r=0 T=l TSsO 

(New Annuities) E^jr]+«=E[ari+«-i-(€ix]+<+tf[xi+<-i) . 



»i 



E[x]+«=aix]+0— S C[aj]+T— 2 tf[«]+r • 

T=l T=0 



Probability of Dying in each of the Ten Years following Purchase :— 
Arranged according to grouped entiy ages : — 

Ej6»j+4 + E||Sij+4 + E(tt]+4 + Eje5j+4+ E(642+4 

Arranged according to grouped ages attained : — 

OjSSl+i + 0[57y¥ 4 + ^[561+4 + ^[59]+ 4 4" ^[]60]+4 

Ep6l+4 + Ep73+4 + E[88i+4 + Ef59j+4+ E(60j+4 

Number Exposed to Risk: Aggregate Tables :— 

a=x a=x a»«— 1 

Ex^^2 <^tt*~"5 €ft^5 va ... 

a=o a—o «=0 

Expectation of Life (Successive Values) :— 

Four Years* Extended Mortality Table :— 

Probability of Dying in each of the four years following Purchase : — 

*"•"' Ep7j+i+E[58j+iH-E(M]+i+E^(jo]|+i-hE£6i]+i 

Select Annuity Values (Approxibcate Formul«) :— 

«[M . . . «i=Sf?*<;^[p8 . . . «fl 
{where tPvK ... aj is the continued product of the function— 



1- 



E[8q+ M + Epq ^11 + Epjoj+n + Ej6ij+« + E{e2j+ » 
for values of n ranging from to (^ — 1)} . « « « 
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INDEX v.— SYNOPSIS OF FORMULAE. 

COMPILATION OF DATA. 

ASSURANCE EXPERIENCE. 

Modified Nearest Duration Method: — 

Tabular Duration of Withdrawals falling in the Policy Year : — 

=iW(7)+W(10)+TVW. 
See also Appendix M ....... 



Number Exposed to Risk : Select Tables :— 

(Net Movement) (^yp]+t^= <'(«i+<— (^[arj+f-i + t^[U]+ ^ -f T£-p]+ 1 + «[aa+ 1) 

E[*]+<= 5 G^[*]+T ...... 

T=0 

Number Exposed to Risk : Aggregate Tables :— 

(Net Movement) Ox ^Caj — (^x-i + tt'x+Taj+Cx) • 

Ex=Ej.-i4-Q"j? ...... 

assx 

ajx^— ^ ^a ...... 

Number Exposed to Risk: Truncated Aggregate Tables :-- 
Original Entrants : — 

= 2 o"[aj-T]+T ...... 

Surviving Entrants : — 

Emergents : — 

T=«+l 
T = « + l 

€jp — ^ C[x-r]+r ...... 

T=«+l 
T=X 

Ox-l= S ^[a;-T]+T-l 

T=« + l 

(Net Movement) G«=<T|?-(w;2> + TS? + <iH^i*Li) 

Ei;>=:E«U+G2> 

w=Tqs^ 
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INDEX v.— SYNOPSIS OF FORMULAE. 

GRADUATION OF THE EXPERIENCE. 

ANNUITANT EXPERIENCE. 

Makeham's Modification of Gompertz*s Formula: — 
Application to Select Tables : — 

Average Deviation from Mean Number of Deaths: — 



Female Annuitants: Relation of number living (Supplementary Series) to 

those of Male Table : — 



Z2>=ica*+*/M 



»+« 



Relation of /i^ and cologioijpg) (First Series) to those 
of Male Table :— 

/Lt 2* =/i.55i— Constant 

colog io(^«) ^* = colog io(i?x . i)^"^ — Constant 

Fundamental Graduation FoRMULiE : — 

logio?«=logioA;+a?logio«+log,oy.c* . 

cologioO?^) = — AlogioZaj= — logio«— (c--l)logioy . c* 
=a+)9c* 

=A+Bc* 

iogioWi=aogio^-/o-(^+Oa-^(^ + ^^y^' 

=logio^«+(ir+01ogio«+logioy<c*'*'* . 
cologio(^o.H-«) = -^<logioZM+« 

=a^+Ac«+« 

colog io(jP[«]+<) = colog 10 {px-^i) + ^ft + pc^^yfrt 
/,=m[(5-0'+(4-0«-(l-0^ 
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INDEX v.— SYNOPSIS OF FORMULA. 
GRADUATION OF THE EXPERIENCE. 

ANNUITANT EK?EKlEHCEr-(anttinued). 



Fbmalk Annuitants : Relati<His in Gndaated Table :— 



tt*l+< 1 

It. 



'[«]+< 



h==lS'+i? 



**• L 






(l+r,)(H-r,) 






ASSURANCE EXPERIENCE. 
QM Table : Double Frequency Curve :— 

<^x= 000050400(10) - w32(29-ar)« ^ .000011385 (lO)-^w»<«»-*J* 
CX^l Table : Fundamental Graduation FoRMULiS : — 

loglO^«3+«=logio W*— /if— ^c*V^^ . 

i|r^=#l(10-0* 
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INDEX v.— SYNOPSIS OF FORMULAE. 
CONSTRUCTION OF TABLES. 

ASSURANCE EXPERIENCE. 

O** AND O"**^* Tables. 






logDx=logt^»+logZa, 

= log Da? + 1 + Colog rpx 

log C«= log ©*+ ^ + log (/» 

= log C»+ 1 + colog » + A colog dx 

S:-UogD';,=Sr4ogD,+ [*+(^+l)H- ... 

. . . +(©— l)](logi?'— logt;) 

SrUogC';,=S:-UogC;,+ [(^+l) + (a?+2)+. . . 

• • • +(<»)](logt;'— logt?) 

logajp=logKay+i— logDx 

loga«+i=logax+AlogKa.+i4-AcologDx 

logAa,=logMaT— logDa, 

logAa.+i=logA,+AlogMar+AcologDa, 
logP«=logM,— logK, 

logPa.+i=logP«+ A logMa, + A COlogHa: 

SAaj=»S(l + «ar)— Sa* 

A«=l— Sa^p ........ 

Pa,= " -8 



«afl= 









«=o 



(0^)l0gaa>|f=l0gE'«+i:y+i— logD^y . 
{0^^) logFar*=logDa,*+ p] GoglS'x+, :a.+i -logDxa,) 
logI)«a:=logZaT+logDx .... 

logDaj««=log/ar+logDaj» .... 
logD«ca>«=log/«+logDa.«p .... 
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INDEX v.— SYNOPSIS OF FORMULAE. 
CONSTRUCTION OF TABLES. 

ASSURANCE EXPERIENCE. 
O^ AND O*^*^ Tables {continued). 
Formulas of Uniform Seniority (O^W Table):— 

Two Lives : ^xix+h^=^a+tix+t 



t= 



log[i±^l 



2 J 



logo 



Three Lives: ^xix+h.x+h+k — ^x+t-.x+t-.x+t 



t=i 



log|^— 



3^ 

logo 






Four Lives : «d?:»;ay:a?+*=^aj+^:a?+<:a?+^:aj+^ 



/= 



^m 



logo 
QP^^ Table. 
log I>w+«=log '^'^^ + log l^-^^t 

1 



^^'^"1+«I.] 



-i 



log%S=logS DM+«-logD[,] 



<-=9 

^W[*]=5 A«l+«:[«]+« 
(-0 



H-H 



«+10:K+10 



Contingent Survivorship Assurances:— 

g+w y+n 

log I>I>t]+i»:Iy]+«= [log © a + log 7[^H^] + [log » « + log ^1^3+ J . 

ar+n+l 

^^sC^,t,3+^=[logy 2 +log(/^,jf«-^i+«+i)] 

y+n+l 

+ [logv a +logi(^i+„+/[y]+H+i)] 



'[»J+« : y+» "•■ -^-^ «+10 : y+10 



^[i][y]— Qx][y]+^ 



tx]+i :[y]+l 



+ ... +c 



[«]+4:[|f]+4 



A 1 — ^MCy] 

•^Dc][»] "- "n 

■^WCyJ 

Ml 

pi _ •'"•[g][y] 

"■'C»][yl TNT 



' W+5:y+6 



■^ • • • ■*"^U^:y+»'*"^5|rO:y+10 
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CONSTRUCTION OF TABLES. 

ANNUITANT EXPERIENCE. 

0^~i AND a<3 Tables. 



Formula of Uniform Seniority (Two Lives) :— 



/= 



>»«m 



logc 

Annuity Values on Two Lives of Equal Age:— 

Interpolation formula for tenths of a year of age : — 






Single Lives :- 



logDx=^^ogv'+logljp 

logaaj=logIfa?+i— logDjT 

l0gI>[,H-«=l0g«^"*"'+l0firWl 

log<y[«j+«=logK[a.3+|+x— logDfjp^l • • • • 

Joint Lives:— 

logDj,y=log Ix+^ogD^ (where x is nofc > y) . 
loga«y=logE'a>+i:y+i— logDd^ . . . . 
iogJyiafi+t:^+t=log 7[ari+<+logDiyj+« (where X is not > y) . 

. . . +B[jp]+4:[y]+4+Nar+5:y+5 
logflr£ap]+<.[y]+*=loglS't«]+f+l:[y]+<+l— l0gDj4:j+^£yj+i • 
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